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PREFACE 
Wc have been exploring the rivers belonging to the Tisa River Basin for ten years, 
our work having been organized by the Tisza Klub, Szolnok, Hungary and the Pro 
Europa League Târgu-Mureç. Romania. The two nongovernmental organizations 
signed a coopération agreement on 27th April 1991. The most important objective of 
the cooperation was "the creation of a scientific database, with special regard to the 
common river valleys" and "the achievement of environmental and educational aims". 
For the survey of the common rivers we have recruited a multidisciplinary work-team 
of Romanian and Hungarian experts. The germinating power of the work has made 
our professional and personal relationship closer and closer. With a strong belief in 
our joint power, wc have made bolder and bolder plans. More and more Romanian, 
Hungarian, Ukrainian and Slovakian colleagues and social organizations have been 
invited to cooperate. 
Our surveys have been extended to the Upper Tisa and its numerous tributaries. 
Working with nongovernmental organisations made us possible to invite well-
known specialists from every country from the Carpathian Basin. We have revealed 
the real condition of the surveyed rivers, wc have drawn the attention of the executive 
and supervising state institutions to the endangered river sections, to the natural riches 
we intend to protect, and we have elaborated a matter-of-fact documentation of 
environmental protection. Our results were published in the first four volumes of the 
Tiscia Monograph Series, with studies about the Mureç/Maros, the Someç/Szamos, the 
Criç/Kôrôs and the Upper Tisa Rivers. There is an upcoming volume about the Bodrog 
River, too. 
After eleven years of working together wc felt that the time has come to 
summarize and analyse together our results, to draw the main consequences based on 
knowledge of more than ten rivers and to list the main tasks for nature- and 
environment protection. That is why we organised the "Conference of the Tisa River 
Basin Experts" on March 22-24, 2002. We addressed three questions to participants in 
the conferencc invitation: 
- Why are our rivers ill? 
- Are we taken serious by the executive bodies? 
- How to go further? 
The answers for the first question were given by the contributions presented at the 
conference and in this volume, giving substantial completion of the studies already 
published. 
The fact that the specialists' warning call is still inconvenient to executive bodies 
was clcarly shown by the absence of their invited representatives. This gives the 
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answer to our sccond question. We believe that the new EU Water Framework 
Directive, which obliges the members to treat the rivers as habitats, hopefully will 
bring serious changes in EU-membcr aspirant countries, too. 
The "How to go further" question is partially answered by the papers published in 
this volume, when they present new methods of ecological water-qualification or 
discuss theoretical issues like "Flood-plain research at different spatial scales". The 
participants agreed that after compiling the first basic database of river valleys it is 
time for well designed monitoring schemes to follow the changing tendencies. In the 
same time, we should also concentrate on revealing cause-consequence relationships. 
The planning and execution of this work cannot be done properly by nongovernmental 
organisations. We were delighted to see that our work was more and more supported 
by universities and research centres like the Ecology Department of the Szeged 
University, the Uzgorod University, the Debrecen University, the Babe$-Bolyai 
University, the Lucian Blaga University (Sibiu), the University of Oradca, the Grigore 
Antipa Museum, the Fish Culture Research Institute at Szarvas, Environmental 
Agencies from Szolnok, Debrecen and Gyula. 
The river research initialized by the nongovernmental organisations stimulated a 
series of cooperations between the institutes of neighbour countries: 
- between 1999-2001 during a two year research project intitlcd "investigation of 
the Natural Resources of the Mures River for Sustainable Development" (Research 
Support Scheme of the Open Society Support Foundation) a common eight member 
research team of the Babc$-Bolyai and Debrecen University surveyed the whole lenght 
of the Mure$/Maros river, registering the changes occured since the 1991 survey. 
- the „Research of the habitat-corridors on Tisa river and its tributaries" project is 
founded by the Hungarian Environment Protection Ministry and it is listed among the 
projects coordinated by the European Centre for Nature Conservation. 
- a complex research programme to study the freshwater living communities 
exposed to cyanide and heavy metal pollution in the Lápu§/Lápos, the Some$/Szamos 
and the Tisa rivers, supported by the Hungarian Academy of Sciencies and the Arany 
János Foundation of the Hungarian Academy of Science. 
- Investigation of the Risk of Cyanide in Gold Leaching on Health and 
Environment in Central Asia and Central Europe (Inco Copernicus Project). 
We woud like to thank the help of those specialists who were not participating 
directly in our river expeditions but followed our work and gave us advice: Dr. László 
Gallé, Head of Ecology Department at Szeged University; Prof. Dr. Marian Traian 
Gomoiu, Academician, Deputy General director of the National Institute of Marine 
Geology and Geoccology, professor of the Ovidius University Constanza; Dr. Dan 
Muntcanu, Academician, BirdLifc Romania; Dr. György Dévai, Head of the Ecology 
Department at Debrecen University and Dr. János Tardy. Special thanks are addressed 
to Professor László Gallé and Dr. László Körmöczy who offered us the possibility to 
publish our results in volumes of the Tiscia monograph series. 
ANDREI SÁRKÁNY-KISS 
Pro Europa League 
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This paper presents the main philosophy, aims and some preliminary results of the 
joint Rumanian—Hungarian ecological project carricd out in the terrestrial habitats of 
River Murc$/Maros flood plains. The studies, scoping different spatial scalcs from the 
microcosms to the regions, have revealed the specificities of plant communities in 
very small patches (ant mounds), the role of an ant supercolony in structuring spatial 
pattern of the whole ant community, the differential effect of exogenous factors on the 
habitat selection of plant and different invertebrate assemblages, the restricted 
potential corridor function of the terrestrial habitats along River Mure?/Maros, and the 
scale-dependence of the faunal and community similarities. 
Keywords: River Mure§/Maros, ecological communities, community organization, 
scales, scale-dependent patterns. 
Introduction 
There are two main paradigm shifts in the contemporary ecology. One is the 
recognition and acceptance of random processes and non-equilibrium dynamics 
(Pickett and White 1985, Diamond and Case 1986, Gallc 1998 and the citations 
therein), which includes the application of stochastic models, and the other is the 
change of the traditional spatio-temporal habitat scale of the classical ecological 
studies to both smaller (microcosm) and larger (landscape, region) directions (Lucas 
1992, Haines-Youing ct al. 1993, Farina 1998, Margoczi 1998, Gaston and Blackburn 
2000). Both views opened new perspectives for the ecological researches and their 
applications. Although the different patterns, processes and mechanisms of different 
ecological (supraindividual) biological units (e.g. populations, communities etc.) have 
been intensively studied and/or interpreted at different scales, the nomenclature 
remained very poor and besides the few names already given, such as mctapopulation, 
sigma-communitites etc., many arc yet missing (Table 1). The scale enlargement has 
been manifested in such theories and fields of studies, as interdemic selection, the 
dynamics of the mctapopulations, metacommunities and sigma-communities (Wilson 
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1975, Hanski and Gilpin 1997, Hanski 1999). As an indication of the turn of interest to 
the macroscalcs, even new disciplines have appeared, which deal with the large-scale 
ecological research and conservation management (e.g. landscape ecology, 
macroecology, Haines-Youing et al. 1993, Farina 1998, Gaston and Blackburn 2000). 
The application of the large-scale approaches is especially important for the river 
research in the Carpathian Basin. These sorts of approaches bring community and 
population ecology, faunistics and floristics, as well as biogeography closer to each 
other. At larger spatial scale, we have to emphasize the importance of the biotics 
(floristics and faunistics). which has been a neglected discipline for decades and it 
should get back its own right, as important representatives of the main sciences 
studying essential aspects of biodiversity. 
In this paper we present the main objectives of the joint Hungarian-Rumanian 
terrestrial ecological project on the River Mure$/Maros. 
The main philosophy of the Mure§/Maros joint ecological program of Cluj and 
Szeged universities is to study patterns, possible processes and their probably 
mechanisms at different spatial scales and to try to find the connections of the scales 
by interpreting their co-ordinatedness and complementarity at the terrestrial habitats 
along the River (for the first results, see Margóczi et al. 2000a, Gallé et al. 2000). 
T a b l e I. Ecologica l o b j e c t s al d i f f e r e n t sca l ing levels. T h e m a r k • shows the sca le at which the o b j e c t in 
ques t ion has been t r a d i t i o n a l l y s t u d i e d . T h e ques t ion m a r k s show those sca les at wh ich the spec i f i ed uni t 
is s t u d i e d , but no n a m e has been given to t h a t . T h e n a m e b iogeocenos i s is a p p l i e d i n s t e a d of wide ly used 
ecosys t em b e c a u s e the l e t t e r t e r m shou ld be r e s t r i c t e d to t he cases , w h e n sys t ems a n a l y s i s is d o n e ( sec 
J u h á s / - N a g > 1986). 
Unit 
Scale 
Micrcosm I.ocal (habitat) Landscape Region Global 
Biogeocenosis © 7 biom biosphere 
Community © meta-, sigma- 7 7 
Population © meta- 9 species 
Group © super-
Individuum © © 
T a b l e 2. H a b i t a t a t t r i b u t e s for c h a r a c t c r i / a l i o n of s tudy p lo t s f o r i n v e r t e b r a t e s al Yos lobcn i , t ' p p e r -
M u r e j / . M a r o s ( a f t e r Ga l l é et al 2000) 
Group Attributes No of 
categories 
1. Habitat architecture 1.1. moisture degree 1 
(19 scores) 1.2. total cover of higher plants, mosses and debris 3 
1.3. moss and debris thickness 1 
1.4. vegetation cover at 0-5, 5-15, 15-30... 100-300, >300 cm 8 
1.5. maximum heights of plants 1 
1.6. no of stones 1 
1.7. no and condition of twigs on the ground 2 
1.8. height and cover of moss mounds 2 
2. Vegetation composition 2.1. coverage of higher plant species 155 
3. Soil 3.1. different soil parameters (pH. hardness, water content) 3 
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Within-habitat scalc 
The first, smallest spatial levels of the investigations arc the within-habitat ones, 
e.g. microcosms, between microcosms and habitats (see Tabic 1). 
At the level of microcosm, among others, we studied the distribution of higher 
plants on the nests of Lasius JIavus F. and their surroundings. L. flavus mounds act as 
very small islands (in order of 101 cm in both diameter and height, as a rule) for the 
vegetation. Although obtaining their plants from the surrounding biota, the spccics 
composition and frequency distribution of the ant mound plant assemblages 
significantly differ from the ncghbouring ones (Fig. 1, after Margóczi ct al. 2000b). 
On the ant mounds the plants cannot avoid each other's influence because of the small 
size of these microcosms (Margóczi et al. 2000b). 
Another example of within-habitat studies is the research on the distribution of ant 
nests, the within-colony distribution of ant individuals and the structuring role of 
ecological interactions, especially interspecific competition in the spatio-temporal 
patterns of ant populations in the supercolony of Formica exsecta F. The individual 
nests of the huge supercolony covering more than 1 sq. km arc more or less randomly 
dispersed (Fig. 2). The effect of the F. exsecia on the spatio-temporal distributional 
and activity patterns of the other ant populations was studied by bait experiments and 
mini-pitfall-trap sampling, studying the density and activity of ants other than F. 
exsecta as a function of the density of exsecia individuals. The preliminary results 
show, that the role of exsecia in structuring the ant community if weaker than it was 
expected (Gallé and Markó 1999, Markó, Mabelis and Gallé in preparation). 
Landscape scale 
At the level of landscape (bctween-habitat scale), different ecological assemblages 
(i.e. plants, grasshoppers, spiders, ants, beetles and snails) of different habitats arc 
compared within the same regions in details. These studies have been carricd out in 
four regions by the River Mure§/Maros, i.e. at the upper stream (near Voslobeni, 
Roumania), in the vicinity o f Z a m and Deva (Roumania), at Arad-Pecica (Roumania) 
and at Maroslclc, near Szeged (Hungary). 
Besides sampling plant and invertebrate assemblages (e. g. wolf spiders, ants, 
grasshoppers ground beetles), the possible background factors (sec Table 2) and their 
assumed effects were also assessed. As an example, we show here the results obtained 
at Voslobeni, where we selected seven study plots, which represented different habitat 
types (Margóczi et al 2000a, Gallé ct al 2000). At these plots, nine plant assemblage 
types were distinguished (by Braun-Blanquct system, Margóczi et al 2000a). The 
Principal Coordinate Analysis (PCoA) of the vegetation showed that the plant 
assemblages of the region form four groups such as (1) wetlands characterized by 
Carex species; (2) meadows of Aiolinieium coeruleae plant associations; (3) dry 
pastures and (4) transitional vegetation (Caricetum Jlavae juncosum subnodulosi) 
between (1) and (2). The picture on the basis of different animal assemblages is not so 
unequivocal. 
• 
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• grass land 
Fig. 1. Pr inc ipa l C o o r d i n a t e s c a t t e r g r a m ( J a c c a r d d i s tance f u n c t i o n ) of the vegeta t ion on Lasius flavus 













0 20 40 60 80 100 120 140 160 180 200 220 m 
Fig. 2. Dis t r ibu t ion of the ind iv idua l nests of a Formica exsecia supe rco lony in a p a s t u r e at Vos lobeni . 
• nest a birch * pine 
> bait x trap 
» * » 
X XX X X XX X * XX X X X XXX 
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R a n d o m 
r c f c r e n c c 
Habi ta t 
a t t r ibu tes 
W o l f 
sp ide r s 
A n t s 
G r o u n d 
bee t l e s 
V e g e t a t i o n 
• S . D . / m e a n 
d i s t ance 
M e a n 
d i s t ance 
Fig. 3. A v e r a g e h a b i t a t d i s t a n c e s a n d t h e i r c o e f f i c i e n t s of v a r i a t i o n c o m p u t e d on the bas i s of h a b i t a t 
a t t r i b u t e s ( T a b l e 2), d i f f e r e n t a s s e m b l a g e s a n d t h e i r r a n d o m r e f e r e n c e 
b e t w e e n 
reg ion 
b e t w e e n s i te 
wi th in s i te 
(pi t fa l l t rap) 
m i c r o c o s m 2 
( m i n i t r a p ) 
m i c r o c o s m I 
(ba i t ) 
0 ,2 0 , 2 5 0 ,3 
s i m i l a r i t y 
0 , 4 5 
Fig. 4 . S i m i l a r i t y va lues of a n t a s s e m b l a g e s a n d f a u n a s as a f u n c t i o n o f s p a t i a l sca l ing levels : at two sma l l , 
w i t h i n s u p e r c o l o n y ( m i c r o c o s m I a n d m i c r o c o s m 2) sca les ; at h a b i t a t ( w i t h i n s i t e ) sca le ; at l a n d s c a p e 
( b e t w e e n s i t e ) scale a n d at r eg iona l ( b e t w e e n r eg ion ) sca le , r e spec t ive ly . 
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Three habitat groups can be distinguished on the basis of ground beetle and wolf 
spider assemblages from their PCoA scattcrgrams, but different plots form groups. In 
beetles' scattcrgram, however, no well-defined groups arc formed (Gallc ct al 2000). 
We interpreted the indication of the heterogeneity of the landscape by the different 
assemblages at Volobeni as of the average habitat disssimilarities (Bray-Curtis 
distance function, Podani 1997, Tothmcrcsz 1993) computed on the basis of the 
composition of different assemblages. The most sensitive indicators of landscape 
heterogeneity arc the vegetation and the ground beetles (Fig. 3), whereas the distances 
on the basis of ant and wolf-spider assemblages do not exceed the values computed 
from fictivc, randomly assembled communities. 
A non-parametric correlation analysis shows that there is close correlation between 
the following assemblages and the groups of habitat scores: (1) vegetation 
composition and soil properties; (2) vegetation composition and Carabid beetles; (3) 
ants and habitat architecture (see also Gallc 1991, 1999, Galle ct al 1993, 1998); (4) 
ants and wolf spiders; (5) wolf spiders and habitat architecture; (6) ground beetles and 
vegetation composition. According to these results, those groups of habitat attributes 
could be assumed to be responsible for the composition of the ecological assemblages, 
with which they are correlated. Therefore, we can conclude that the composition of 
different assemblages are presumably conducted by different exogenous factors, the 
results of which arc indicated by the above-mentioned response to the habitat 
hetcroniorphy. 
Regional scale 
At regional scale, our main aim has been to compare the above-mentioned four 
complexes of sites and to carry out faunistical "scanning" studies between these 
regions. At this level, we hoped to obtain results on the ccological corridor function of 
the River Mure$/Maros valley, too. 
For the regional level comparison, the First question by an ecologist could be that 
whether an ecological pattern or mechanism is scale dependent. As an example, we 
demonstrate here the comparison of similarities of the ant (Formicoidea) 
assemblages/faunas at microcosm, within site (habitat), between habitat and regional 
scales, respectively (Fig. 4). The data originated from the following field samplings: 
(1) microcosm I: bait experiments were conducted to follow the circadial rhythms of 
ants at very small spatial scalc; (2) microcosm 2: data from mini pitfall traps arranged 
in 50x50 cm grids and employed to reveal the small spatial scalc differences in the 
penetrated foraging territories of different species; (3) within site (habitat) scale: the 
data arc from pitfall traps arranged in 5x5 m grids in the sampled sites and the catches 
of the individual traps is compared with similarity measurement; (4) between site 
level: comparison of the data from different sites within a landscape complex (e.g. 
within Vaslobin or Maroslele district) and (5) between region level: a comparison of 
the ant fauna of the different regions. 
As it is seen on Fig. 4, no linear scale-dependent trend is observed, but there is a 
similarity maximum at within site scale. The low similarity values experienced at 
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microcosm level are resulted in by the segregation in the territories of the different 
species and also by the circadian activity differences (in the case of baits) in the 
presence of a supercolonial species. The high average similarity at within site shows 
that the sampled habitats arc more or less homogeneous. The between site difference 
indicates the differences of sampled sites (the design of sampling involving different 
habitat types was our original intention in this study). One could expect even greater 
dissimilarities at the larger, bctween-rcgion level, brought about by the geographical 
scale differences. The results, however, do not meet this expectation, probably because 
there arc similar habitat types of the different studied regions, where the populations 
of the same, mostly widely distributed species were found. The alternative hypothesis 
could be that the habitat stripes along the river act as "ecological corridors", resulted 
in similar withis-stripe faunas. 
The ecological corridor and the ecological network are among the reccnt and 
fashionable buzzwords both in ecology and conservation biology. Rivers, both their 
water bodies, and the terrestrial habitat complexes of the flood plains arc a priori 
regarded to be ecological corridors, as a rule. If wc define ecological corridors as such 
stripc-like habitat, which promote the migration, the dispersion, and the distribution of 
plant and animal species, it is clcar that no any habitat strip is ecological corridor per 
se. It depends on the studied ecological objccts i.e. populations or communities, if a 
habitat strip is used as corridor or not. Therefore, the term ccological corridor is plural, 
similarly to the ecological environment. The corridor function of the flood plain of 
River Tisa has been demonstrated on plants, grasshoppers, ants, snails, birds and 
ground beetles (see Gallé 2002, Gallé et al 1995 and the citations therein). Since the 
flood plain is a complex of different habitat zones and ccological communities along 
River Tisa, there is a composed system of potential corridors, differently promoting 
the migration and distribution of different species cither to the North or to the South. 
Besides these functions, the terrestrial habitats by the River, Tisa flood plain also acts 
as core areas for several populations and communities and promote the rccolonization 
of these ecological units in habitats island outside the flood plain. In the case of River 
Mure$/Maros, the corridor role is not unequivocal, although the very first paper 
dealing with role of flood plains and especially floods themselves, as the promoters of 
insect migration and distribution was published on the beetles by the River 
Murc§/Maros (Erdős 1935). As one side we cannot dispute the results concerning the 
faunal (and probably also the floral) distribution by the flood by direct drive, the great 
differences of the fauna at the upper and lower streams of the river, the different 
geographical character of the different regions and especially, the intcrruptedness of 
the stripe-like habitats at the middle parts of the flood area, where the cultivated fields 
arc adjacent to the riverbanks. 
The ecological communities in the inundated part of the flood plain are regularly 
exposed to the disturbing effccts of repeating floods and the processes of recovery 
result in a complicated dynamics, which can be described with the catastrophe theory. 
The rccolonization of the formerly flooded sites takes place from the higher refuge, 
from the trees and from the unflooded areas outside. Both the longitudinal migration 
and distribution along the river ("corridor function") and the transversal migration 
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from to the flooded area (core area function and recolonization) form a complex, 
rather complicated dynamics of the riversides' biota. As our preliminary results have 
shown, however, in the case of River Maros, the corridor function is much more 
restricted. 
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THE CAUSES OF CATASTROPHIC FLOODS IN THE 
TRANSCARPATHIAN REGION AND THE SYSTEM OF 
ECOLOGICAL PROPHYLACTIC MEASURES FOR 
THEIR PREVENTION 
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Keywords: floods, layer shifts, carst processes, mud flows, water basin, 
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The greatest floods in the XX-th century occurred on November 4-8, 1998 in the 
Transcarpathians. in the upper reaches of the Tisa and its tributaries - the Teresva, the 
Rika, the Borzhava, as well as in the basin of the river Latorytsia. These floods were 
accompanied by such natural disasters as mud flows, structural and layer shifts, plane 
and bank erosion and carst processes. All of these increased essentially the material 
losses. According to official data, 269 villages populated by 40790 people suffered 
from the floods. There were 1426 houses ruined fully and 1347 houses partly 
damaged. The 2887 houses needed capital repair and the 187 populated areas were 
deprived of telephone communication. 
In the mountain villages of Tyachiv district there were 241 families that had to 
leave their dwellings as a result of layer shifts, and about 300-350 houses are still in 
dangerous zone as to the shifts and under the control of geologists. 100,000 hectares of 
agricultural lands, including the 70,000 hectares of arable land were flooded in 
Prytysianska lowland, as well as in the plain villages within the basins of the Teresva, 
Tereblya. Rika, Borzhava and Latorytsia rivers. 
Water chaos damaged 20 big bridges of 876 m lenght and 254 km of highways. 
680 special shores were destroyed in the beds of rivers. In the basin of the Teresva, 
near the villages of Kryvc, Ncrcsnytsia, Pidplcsha, Krasna and Lopukhovo dozens of 
km of narrow-gauge railways were damaged, many railway bridges were undermined. 
The railroad was put out of action for a long time. 
During this ecological disaster 17 persons were lost, the general economical losses 
exceeded 400 million hryvnas, to say nothing of the cost of hundreds of thousand 
cubic meters of washed out brown-soil grounds and agricultural lands, depreciated by 
shifts. 
The ecological disaster attracted the public attention in many countries of Europe. 
America and Asia, which rendered the humanitarian and technical assistance to the 
flood's victims. Ukrainian President and the Head of the Government visited the 
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Transcarpathian region for several times to speed up the liquidation of flood aftermath 
and to help the people. 
The problem of conquering floods and other natural disasters has an interstate 
importance. The largest tributary of the Danube - the Tisa flows through the 
transboundary zone of Ukraine, Romania and Hungary. Its length is 201 km within the 
Transcarpathian region and totals - 966 km. Transcarpathian rivers such as the 
Latorytsia and the Uzh flow down into the river Bodrog on the territory of Slovakia. 
Numerous oil and gas pipelines, the pipes for chemical products and ethylene, high-
voltage clcctrical lines arc laid through the Ukrainian Carpathians. There arc also the 
railways and highways of international significance there. Therefore it is important to 
ensure an ecological balance for normal functioning of these communications in the 
region. 
Comparative ecological research shows that the charactcr and the scalc of floods is 
conditioned by a complex of interacting natural and anthropogenic factors. 
Among the natural factors the most important is the unfavourable hydro-
meteorological situation: the quantity of precipitation exceeds the norm; the duration, 
intensity and area of rainfall; the sudden melting of snow in early spring or late 
autumn; the charactcr and density of hydrological net. 
It should be noted that the Carpathians are situated in the semi-humid and humid 
climatic zone. In Chop (102 m above sea level) falls 700 mm of vertical precipitation 
per year, at the meteorological station Ruska Mokra (640 m a.s.l.) in Gorgan Mts. it 
rcachcs 1600 mm. To this quantity we should add about 200 mm of horizontal 
precipitation from moisture condensation of fog and hoar-frost in the forests [16]. 
Hydro-net in Transcarpathians includes 9426 rivers and streams 19,793 km long. Here 
is the highest density of waterways in Ukraine - 1.7 km per km2. 
Flood processes depend also on the characters of water basin surface - steepness of 
the slopes, dismemberment of the relief, thickness of the pcdosphcre, depth of 
geological layers. 
Due to such unfavourable ecological situation dangerous floods happened in the 
Carpathians in the past too, when the anthropogenic impact onto natural landscapes 
was insignificant. According to contemporary records and historical data, floods were 
registered in the basins of the Tisa, the Dnister and the Prut in 1700, 1730, 1864, 1887, 
1895. 1900, 1911, 1913, 1926, 1927, 1933, 1941 [1,5]. 
At the beginning of the XXth ccntury an especially dangerous Hood took placc in 
Transcarpathians on the Tisa on July 10-11 1913, when the water level in the centre of 
Tyachiv reached 120 cm (it is marked on the monument of L. Kossuth). In 1914, 
despite of the war, Hungary built a strong dike on the right bank of the Tisa to protect 
populated areas. 
In the 1930-ies the village Vylok in Berchovo district suffered from the flood and 
the Czcchoslovakian government built a similar dike. 
Ecological stability in the basins of mountain rivers and their normal hydrological 
regime depend greatly on the index of forcstation, the charactcr of vegetation cover 
and anthropogenic changes in its structure. From all types of vegetation, forest 
ecosystems, due to the multi-layer structure of its over- and underground parts and 
high productivity, have the highest ccostabilizing importance. The efficiency of water-
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protcctivc function of forest ccosystems depends on the index of afforestation within 
the water basin, the age, the dcndrological composition, the vertical structure, 
productivity, sanitary condition of phytococnosis, character of the layer and physical 
properties of forest soils. 
According to the data of long-time research of O.V.Chubaty [13] at the forest 
hydrological station in Svalyava (219 m a.s.l.), with annual precipitation of 965 mm, 
the ripe beech forest holds 25.1% of precipitation during the year, and the rest of 
74.9% gets under its floor. On the northern macro-slope of the Carpathians at the 
station Khrypeliv (850 m a.s.l., 1094 mm of precipitation) spruce forest hold 36.9% of 
precipitation, and 63.1% of it goes under the floor. With the increase of afforestation 
index on 1% of the area, an average river flow is increasing by 9.4 - 11.9 mm. 
During the last centuries undesirable quantitative and qualitative changes took 
place in the forest formations in the Carpathians and then influenced essentially the 
ecological stability of the natural environment. The area of oak forests has decreased 
by 64,000 ha, the beech forests by 93,000 ha, and the fir forests by 36,200 ha. On the 
other hand, the area of spruce forests (mostly monocultures) has increased by 298,300 
ha [3,7,8]. The area of post-forest pastures has increased by 331.000 ha and the area of 
post-forest hayficlds by 213.000 ha [4]. There arc about 60,000 ha of anthropogenic 
bushes and 113.000 ha of badlands in the Ukrainian Carpathians. The general 
afforestation degree in four Carpathian regions in 1973 was 20.16% in the plains and 
53.52% in the mountain parts [9]. 
Essential changes in the forest stock of the Carpathians had taken place in 
economically difficult post-war years. During 1947-1957 73 million m3 of wood was 
cut there and 20% of the forest covered lands was bared. Fig.l and 2 show the 
dynamics of the main use and afforestation in Transcarpathians in the post-war times. 
These significant territorial changes in ripe forests had negative impact on the 
hydrological condition of mountain rivers too, and disastrous floods became more 
frequent. They were marked in 1947, 1948, 1955, 1957, 1959, 1964, 1969, 1970, 
1974, 1977, 1980, 1982, 1992, 1993, 1997 and 1998 [5,9,10,12]. 
Especially unfavourable hydrological situation was in the Transcarpathians in the 
autumn of 1998. It caused immense floods, ground shifts and mud flows. During 
August - October the precipitation at the meteorological stations in Transcarpathians 
reached 1 . 2 - 2 monthly quotas and the over-wetted ground did not hold the excessive 
moisture (Fig.3). At the beginning of November 1998 an atmospheric front passed 
through the Carpathians causing the formation of micro-cyclons in the Ukrainian 
Carpathians. As a result, the total quantity of precipitation was 45-75 mm on 
November 4-5 in the basins of the Latorytsia, the Borzhava and the Tcrcsva; in the 
upper basin of the Tisa it was 90-120 mm, and in the upper waters of the Rika 207 mm 
(Fig.4). Daily amount of precipitation rcachcd monthly norm and in some places 1.5 
of norm. 
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1 2 3 4 5 6 7 8 9 10 1 ! 
Tisa Rakhiv 429.73 499 08.06.69 248 158 500 05.11/00 252 90 
V.Bych-
kiv 
294,78 598 13.05.70 208 58 552 05.11/04 344 150 
Tyachiv 208,97 674 30.12.47 199 -5 726 05.11/10 527 204 
Khust 162.91 426 13.05.70 180 -1 428 05.11/16 248 181 
Vylok 115.15 696 14.05.70 50 -157 660 06.11/03 610 207 
Chop 92,35 1322 18.05.70 576 398 1328 08.11/18 752 178 
Choma 
Tisa 





523,86 301 14.12.57 96 47 363 05.11/00 267 49 
Neres-
nytsia 










531,17 270 29.10.92 112 67 360 05.11/03 248 45 
Rika Mizhhir-
ya 
434,22 478 14.12.57 113 69 378 05.11/04 265 44 
Khust 156.41 685 30.12.47 339 234 620 05.11/06 281 105 
Bor-
zhava 
Dovhe 168,35 514 14.12.57 189 134 536 05.11/00 347 55 





356,54 388 14.12.57 109 64 320 05.11/00 211 45 
Svalyava 190,00 416 01.03.67 120 96 304 05.11/04 184 24 
Muka-
cheve 
115.60 650 23.07.80 274 217 687 05.11/06 413 57 
Chop 96,58 744 26.07.80 453 252 746 07.11/00 293 201 
Stara Znyatse-
ve 
104.92 499 23.07.80 321 85 494 05.11/16 173 236 
Uzh Zhorna-
va 
328.29 296 14.12.57 53 14 246 05.11/02 193 39 
Vel. 
Bereznyi 
196,26 527 14.12.57 228 196 433 05.11/01 205 32 
Zariche-
ve 
154,56 446 29.01.79 161 84 442 05.11/06 281 77 
Uzhgo-
rod 
112.38 350 17.1192 -70 -152 295 05.11/10 365 82 
Turya Simcr 151,23 332 23.07.80 66 24 320 05.11/04 254 42 
Designated *: + H = estimation (6) - (7); - H - estimation (8) - (6) 
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Heavy showers caused sudden rise of water levels in the Tisa near Tyachiv and 
Vylok and in the Latorytsia below Mukachiv. They were 4.1-6.1 m. At the 10 water-
measuring stations the highest water level reached or exceeded a historical maximum. 
The data from hydro-meteorological stations are shown in the table. 
It is well known from the special forestry references that forest ecosystems can, to 
a certain extent, hold the precipitation and regulate the surface flow of water. For the 
ripe forests of the Carpathians the daily precipitation is up to 175 mm [2]. At the 
beginning of November 1998 these indiccs were much higher, the soil was 
ovcrmoisturcd, and all of these resulted in disastrous floods. Over-cutting of the 
mountain forests that had taken placc in the past had intensified the activity of floods 
and other natural disasters. 
The problem of floods has many aspects, therefore the system of measures for their 
prevention is differentiated and diverse. Water basin of a mountain river with 
characteristic net of water arteries should be considered as half-open cco-hydrological 
system. Depending on the structure of landscape where the basin is formed, on the 
charactcr of hydro-net and hydrological conditions, it is possible to define four 
functionally connectcd zones in this system (Fig.5). 
There is a large mountain zone accumulating water resources in the upper part in 
the river basin (zone "A"). It includes a wide net of streams with swift water flow, that 
is why there is no flood danger, but the danger of mud flow exists. It is adjacent to the 
piedmont transit zone (zone "B") covering foothills and mountain landscapes with 
possibility of bank erosion. The most dangerous as to the water chaos is the plain zone 
of potential dccumulation of water resources (zone "C", or flood zone). It covers wide 
terraccs and adjoining plain landscapes, dangerous to the flood of water masses. 
Farther this zone turns into a usual plain transit river-bed zone (zone "D"). Each of 
these zones demands differentiated anti-flood measures depending on their ecological 
and hydrological specific features. 
As it was stated, floods arc conditioned by both natural hydrological and 
anthropogenic factors. They may be different depending on the forms and scale of 
anthropogenic influence on the habitat. 
Considering the ecological condition of mountain river basins, the charactcr of 
landscapes and the structure of water net, we chose six subsystems of anti-flood 
measures: hydro-technical, forestry, nature conserving, agricultural, organizational and 
ecology-educational. 
The subsystem of hydrotechnical measures. These measures are of paramount 
importance for normalization of hydrological regime of mountain rivers and arc to be 
taken in all zones of water basins. In upper waters of rivers, dangerous as to the floods 
for the lower basin parts (zone "A"), it is necessary to build anti-flood reservoirs. A 
net of special reservoirs for rafting timber (dams, "clausura") was built at the end of 
XlXth and the beginning of XXth century within the basins of the Bila Tisa (village 
Luhy), the Chorna Tisa (v. Lazcshchyna, 3 dams; v.Chorna Tisa, site Apshyncts; 
v.Dovzhana, river Dovzhana), in upper waters of the Tcrcblya (the Chorna Rika, rivers 
Pcssya, Lubclyanka, Chernyanka). In the Ivano-Frankivsk region some reservoirs 
were on the river Cheremosh. Mountain water reservoirs also performed an important 
anti-flood function. After the times of floating of the timber had ceased, they fell into 
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decay. But wc should say that new-built mountain reservoirs could have also 
recreational - and the larger of them - hydro-energetic significance. 
In the "B" zone, especially on the shaip turns of rivers, concrete fortifications 
should be built, and stone dams on the turns of small rivers. 
In the "B" zone the most reliable measure against flooding is the construction of 
powerful dikes. On the right bank of the Tisa near Tyachiv, Vylok and other populated 
areas such dikes have been functioning lor 80-90 years quite successfully. 
Fig.5. T h e w a t e r ba s in as an e c o - h y d r n l o g i c a l sys t em. 
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The main cause of bank erosion is the rapid water current. To slow it down it is 
necessary to create a system of water trestles in certain places. In these places waters 
become rich in oxygen, useful for fish-breeding, especially for trout breeding. 
A chaotic extraction of gravel, sand and river stones harms the beds of a river, 
deepening them and creating the bank erosion. Such exploitation ought to be 
controlled and permitted only in proper places. 
In order to estimate the existing ecological condition of large basins of water 
arteries and to forecast their functioning, it is recommended to increase the net of 
water-measuring stations and on their basis to organize a system of hydrological 
monitoring. 
The subsystem of forestry measures. The efficiency of hydrotcchnical measures 
in humid regions can be secured only in parallel with forestry ones. The research 
carried out in the Carpathians showed that the forest cover, in comparison to the non-
forest one, decreases the river flow two times and the destructive maximum flow four 
times. 
The most favourable hydrological regime in river water basins is where the forests 
over 40 years of age cover 65-75% area [2]. Such forest coverage should be provided 
in zones "A" and "B". The system of forest management in these zones is to be based 
on the principle of forest stability (Dauerwald), substantiated for the Austrian Alps the 
in XlXth century. The stability of forest and forest environment ensures the stability of 
water protective function performed by forest ecosystems. Therefore clear-cutting 
areas should be limited as much as possible in zones "A" and "B". 
As it was noted, water basins of mountain rivers should be considered as a half-
open hydrological system. To ensure the ecological balance in such systems, the 
forestry should be managed by the method of water basins, which is grounded for the 
Carpathians by O.V.Chubaty [14], V.S.Oliynyk with co-authors [6] and V.I.Parpan 
[7]. However, for use of this method it is necessary to consider the specific ccological 
features of each basin: climate (the quantity of precipitation), orography and 
hydrology (divided relief, hydronct character), phytococnotic (afforestation 
percentage, forest age structure). Only after such integral evaluation of ccological 
situation it is possible to determine the volume and methods for exploiting mountain 
forests in the basins of corresponding rivers. 
During a long pastoral period in the high mountain range of the Carpathians, the 
upper border of forests which hold melted waters from alpine meadows was 
essentially lowered. The water-protective function of these subalpinc forests is several 
times higher than that of phytocoenoses located lower. The renewal of ecologically 
grounded upper forest border on high-mountain meadows of Yavirnyk, Rivna, 
Borzhava, Apctska, Krasna, Svydovets, Kvasivsky Mcnchul will improve the 
hydrological regime of the rivers rising there. 
In Transcarpathians the forest area belonging to the agricultural economic complex 
makes now 136,800 ha. These formerly collective and state-farm forests situated near 
the mountain river beds arc of importance for water protection. Unfortunately their 
ccological condition is unsatisfactory. It would be reasonable to pass them to the State 
Forest Fund to ensure forest naturalization and improvement of water-protective 
functions. 
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Now. in hard economic situation the cutting without permission increased, thus 
reducing the protective role of forests. In 1998 there were 3,500 nv of such cuttings in 
the forests of State Forest Fund and 30,100 nv in the forests of agricultural-economic 
complex. It is necessary to keep stronger the regime of mountain forests protection 
and provide local people with gas. 
For mountain villages situated in potentially dangerous localities as to the 
structural and layer shifts it is necessary to create plans of their ecological safety (the 
safety of existing and planned houses, bridges, railways and highways, electric 
transmission lines, gas and oil pipes). Such plans must be based on special geological 
and landscape-ecological research. 
The subsystem of nature-protecting measures has to be aimed to the improving 
of water- and soil-protective function of forest ecosystems and other types of 
vegetation. For this purpose it is proposed to create a net of water-protective partial 
reserves with special regime of forestry and agriculture in zone "A". Such plots arc not 
withdrawals from the land fund of land users, but the latter have to use natural 
resources in such a way as not to violate the protective functions of ecosystems. 
In flood-dangerous zones it is essentially to widen the stripes of riverside water-
protective forests or in case of their absence to crcatc them by means of cultures. 
The subsystem of agricultural measures. A large area in mountain river basins is 
covered with agricultural lots which appeared in placcs of cut down forests. In zone 
"A" the main anti-flood measures should be dircctcd to the improvement of water- and 
soil-protectivc functions of post-forest mountain meadows and pastures. Therefore 
eroded pastures must be afforested and turfed. The cutting down of bushes on steep 
slopes for increasing arable land must be forbidden. Measures must be taken against 
ravine (channel) and plain erosion on mountain slopes. It is desirable to reconstitute 
the traditional "tcrrace crop-growing" used before in mountain regions. It is 
inexpedient to use 50 m riverside zone for tilled crops. 
The subsystem of organizational measures. Now mountain streams do not have 
a single manager responsible for their regulation, maintaining normal hydrological 
regime and protection. Since they run on the lands of State Forest Fund it would be 
reasonable to crcate a structural sub-department for protection and regulation of 
mountain rivers and streams. 
The subsystem of ecology-educational measures. Forestry, agriculture and water 
economy in the Carpathians have their own mountain characteristic feature which is 
not always taken into consideration by specialists and land users. Therefore proper 
attention must be paid to rise the level of nature-protection knowledge as to the 
rational use and resumption of natural resources and preservation of ecological 
balance in the region. 
It is desirable to exchange cxpcriencc with specialists from Slovakia. Hungary and 
Romania in the struggle against disastrous natural phenomena. 
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Conclusion 
The forecast of the probability of future floods in the Transcarpathians is 
disastrous. The region is situated on the south-western macro-slope of the Carpathians 
which gets more precipitation than the north-eastern one. Transcarpathians is the zone 
of warmer climate, hence the process of snow melting is more rapid. There are mainly 
oak and beech forests under which snow melts two-three times quicker, than under 
evergreen dark-needle forests. There arc more than 60,000 ha of treeless high-
mountain meadows where tremendous snow masses arc accumulated. On the Volcanic 
Ridge andesits and trahits prevail, that are hard waterproof rocks. The hydronet in 
Transcarpathians is much denser than in other Carpathian regions. The Prytysianska 
lowland lies 200-250 m below the plain landscapes of the Dnistcr. The region is a 
seismic zone were little earthshakcrs often happen, what in its turn can cause the 
activity of slope processes and layer shifts. 
According to genetic classification of mud flows, within the Transcarpathians one 
can distinguish the south-western dangerous region, covering the basins of right-hand 
tributaries of the Tisa. There is a ridge of Picnin limestones extending from Pcrcchyn 
to Dilovc, where dangerous carst processes arc potentially possible. 
During the last decades in the Carpathians, as well as in other regions of northern 
hemisphere, we observe global warming of the climate under the greenhouse effect. 
From the 90-ies of the last century the waters in river basins of Europe rise and the 
same is observed in the Carpathians. All of these may cause further floods and other 
dangerous ecological processes. Therefore Transcarpathians should be classified as an 
ecologically critical region which needs a special management for forestry, agriculture 
and water economy. It needs changes in the orientation of economy, directing it onto 
decreasing forest exploitation, increasing forest coverage and rising protective 
functions of forest and meadow ecosystems. 
Due to warm climate, different balneological resources, high recreational potential 
and easy accessibility of picturesque mountain landscapes, the Transcarpathians 
should pay more attention to recreation and tourism industry. 
It is necessary that the Western Scientific Centre of National Academy of Scicnces 
of Ukraine should substantiate a complex program for research of the flood problems 
and other natural phenomena for the nearest future and the perspective by drawing 
scientific and production potential of the region. 
The Ukrainian Carpathians border with four countries having mountain systems. 
To solve ecological, economic and nature protecting problems successfully in the 
transbordcrcd regions it would be expedient to create The Carpathian Ecological 
Comission. 
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USEFULNESS OF EUKARYOTIC 
AND PROKARYOTIC MICROORGANISMS IN THE 
INVESTIGATION OF WATER QUALITY 
IN THE MURE$ RIVER 
László Fodorpataki and Judit Papp 
Abstract 
The development of physiological tolerance to the chemical stress caused by 
pollution of the aquatic environment with cadmium ions can be detected by different 
factional and biochemical parameters of the algal cells present in the phytoplankton of 
different river sectors. The investigation of such parameters that indicate early 
symptoms of heavy metal pollution revealed that the intensity of enzymatic H2O2-
degradation is a suitable tool to appreciate the tolerancc developed by phytoplankters 
to cope with polluting agents which act as oxidative stress factors. Among the main 
photosynthetic pigments, only the amount of chlorophyll-b exhibits a regular 
correlation with the degree of water pollution caused by cadmium. The influence of 
this heavy metal on the net biomass production of the phytoplankton is also 
investigated, and the usefulness of prokaryotic decomposers in the estimation of water 
quality is discussed. 
Keywords: phytoplankton, stress tolerance, water pollution, cadmium, oxidative 
damage 
Introduction 
Planktonic microalgae are primary biomass producers in the aquatic ecosystems, 
while heterotrophic bacteria play an important role in decomposing the different 
organic substances in the water. Both of these two groups of microorganisms exhibit a 
pronounced metabolic plasticity and a high growth potential. Thus, they may be used 
to monitor the degree of water pollution with different inorganic and organic 
chemicals that indicate human impact and may threaten the health of the riverine 
populations. 
The phytoplankton, consisting of microscopic algae that have little or no resistance 
to currents and live free-floating in open waters, occur as unicellular, colonial or 
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filamentous forms. From a physiological and ecological point of view, the floating 
cyanobactcria are also included in the phytoplankton. Most of the small organisms arc 
photosynthetic and arc grazed upon by zooplankton and other aquatic creatures. 
Phytoplankton organisms long have been used as indicators of water quality. Some 
species flourish in highly eutrophic waters while others arc very sensitive to different 
chemical wastes (Hamar 1995). Some species have been associated with noxious 
blooms, sometimes creating offensive tastes and odors or toxic conditions. Because of 
their short life cycles, planktcrs respond quickly to environmental changes, and hence 
the standing crop and the spccics composition indicate the quality of the water mass in 
which they arc found. Because of their transient nature and often patchy distribution, 
information on plankton as indicators is interpreted best in conjunction with 
concurrently collected, physicochcmical and other biological data (Munawar 2000). 
The microflora of rivers consists of autotrophic and heterotrophic, aerobe or 
anaerobe microorganisms that arc involved in the natural cycle of chemical elements, 
in the production, degradation, transformation and mineralization of natural organic 
compounds, as well as in the byconversion of xenobiotics originating from different 
human activities. Many polluting agents that arc released in different sectors of rivers 
seriously endanger the dynamic equilibrium of the aquatic communities. The partial 
sclf-clcaning process of water becomes possible only upon the close interaction 
between autotrophic and heterotrophic microorganisms, that producc and decompose 
new organic compounds and sustain all of the life forms that arc characteristic for an 
aquatic ecosystem (Fodorpataki and Papp 2000). 
Stress can be regarded as a functional state or as the dynamic response of the 
whole organism. It represents a significant deviation from the conditions optimal for 
life, and eliciting changes and responses at all functional levels of the organism which, 
although at first reversible, may also become permanent. Stress can be regarded as a 
directional event, induccd by highly specific factors, but the response may have 
common steps for several different stressors. Often, the external factors docs not reach 
the ultimate site of the stress reaction immediately or in its original intensity, bccausc 
plants possess a variety of protective mechanisms to delay or even prevent disruption 
of the thermodynamic or chemical equilibrium between environment and cell interior. 
The stress response is a race between the effort to adapt and the potencially lethal 
processes in the protoplasm. Thus the dynamics of stress comprises a destabilizing, 
destructive component, as well as countcrmcasures promoting restabilization and 
resistance (Schncll 1994). Constraint, adaptation and resistance arc thus 
interconnected parts of the whole event. Reactions that indicate a state of stress make 
possible the employment of sensitive plant species as bioindicators of environmental 
stress, or the use of living plants as biomonitors of specific habitat parameters. Both 
categories arc widely represented among the freshwater microalgae. 
The aim of this study is to reveal metabolic properties of microalgal and bacterial 
populations isolated from different sectors of the Murc§ River, and to cordate the 
physiological parameters with the water quality of the river, in order to achieve a 
better understanding of how invisible life forms react to the challenge represented by 
anthropic influences on aquatic communities. 
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Material and methods 
Cell populations of the same algal species (Scenedesmus opoliensis P. Richt.) were 
isolated from 3 different sampling sites along the Mure§ River, and cultivated under 
controlled conditions, in nutrient media without and with supplementation with 0.1 
mM cadmium as a polluting agent. The tolerance of the algal populations to this stress 
condition was investigated by determining the peroxidc-scavcnging enzyme activities, 
the chlorophyll a and b contcnt and the dry biomass production after 10 days of 
cultivation. The photosynthctic pigment contcnt was determined 
spectrophotometrically after extraction with methanol and acctonc, performed in dim 
light at 4°C. The activity of I I^O: decomposing enzymes was assayed titrimctrically, 
by measuring the remaining hydrogen peroxide after 1 hour of incubation in the 
presence of a known amount of FLO?. Biomass production was evaluated by dry 
weight measurement (Fodorpataki el ul. 2001). 
The bacteriological investigations of the water samples include the determination 
of the total number of heterotrophic bacteria (on nutrient agar, 48h incubation at 
37°C), as well as the abundance of some indicator species, such as the coliforms (in 
Durham tubes with lauryl-sulphatc broth) and the streptococci (in inoculation tubes 
with bromocrcsol-purplc-azide medium). For these determinations water dilutions 
were prepared from 10'' to 10"7, and these were inoculatcd in selective nutrient media 
that allow the growth of specific bactcrial groups. The most probable number of the 
different bacteria was established using the Dc Man table, based on the number of 
positive tubes (Fodorpataki and Papp 2000, Greenbcrg el al. 1995, Rompre et al. 
2002). 
The sampling sites were: 
1. Galaoaia, with unpolluted water on the upper section of the river 
2. Gura Aric$, situated downstream to the confluence of the heavily polluted Arie$ 
River with the Murc§ 
3. Pccica, with partially self-purified water, on the lowest section of the Mure? 
River. 
Results and discussion 
Today, as a result of human activities, plants arc exposed to far greater amounts of 
harmful substances than before. These arc chiefly xcnobiotics to which plants could 
not become accustomed yet. Land-use practiccs around the world have often resulted 
in degraded ecosystems that will not return rapidly to their original state. Commonly, 
the disturbed habitat has many stressors that impact plant functions, and restoration 
can be assisted by judicious incorporation of spccics or ecotypcs that can tolerate the 
stresses of these damaged ecosystcms (Jackson and Black 1993, Kullbcrg 1995). In 
this context, stress tolerancc of microalgac. as the main primary biomass producers of 
the aquatic ccosystcms, plays a crucial role in the remediation of anthropically 
polluted water ponds (Fodorpataki and Trifu 1995). 
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Stress is reflective of the amount of environmental pressure for change that is 
placed on different biological processes of an organism, inducing an alarm response. 
These responses may be defensive or adaptive, and stress occurs when the unfavorable 
environmental factors induce enough functional change to result in reduced growth, 
reduced yield, physiological acclimation, species adaptation, or a combination of 
these. Because of their short life cycle and high contact area of all the cells with the 
environment, as well as due to their pronounced metabolic plasticity, microalgae arc 
especially suitable organisms to study the influence of environmental changes on 
aquatic organisms. Responses to stressors can be divided into two possibilities. In the 
case of tolerance plants have mechanisms that maintain high metabolic activity under 
mild stress and reduced activity under severe stress. In contrast, mcchanisms of 
avoidance involve a reduction of metabolic processes, resulting in a dormant state, 
upon exposure to long-term extreme stress (Pugnaire and Valladares 1999). 
Many pollutants induce oxidative stress conditions in the living organisms (Ray 
and Gaur 2001). Algal cells are able to protect themselves against harmful active 
oxygen compounds, e.g. by decomposing H202. In the presence of Cd 2 \ the H202-
scavenging enzyme activity is much higher in the algae selected from polluted water 
samples (Fig. 1). This indicates that phytoplanktcrs are able to acclimate to variations 
of the chemical composition of the aquatic environment, and in a relatively short 
period of time those individuals become dominant which have the ability to develop a 
more efficient defensive mechanism with the contribution of their inducible enzyme 
systems. In other words, the microalgal populations originating from polluted sectors 
of the river arc better prepared to cope with the oxidative stress induced by the 
presence of cadmium ions dissolved in the water. This may be a suitable explanation 
for the fact that the algal populations isolated from Gura Aries (the sampling site with 
the most heavily polluted water) exhibit a much higher activity of the peoxide-









Fig. 1. Act iv i ty of h y d r o g e n p e r o x i d e - s c a v e n g i n g enzymes in cel ls of Svenedesmus opoliensis, o r i g i n a t i n g 




Fig. 2. C h a n g e s in lhe ch io rophy l l -b conten t ( m i c r o g r a m p e r g r a m d.w.) of ceils of Scenedesmus opoliensis 
or ig ina t ing in 3 d i f f e ren t sec tors of the Mures River , cu l t iva ted in unpol lu ted (O) and c a d m i u m - p o l l u t e d 
(Cd) media 
Fig. 3. C h a n g e s in the P700 ch lorophyl l -a conten t ( m i c r o g r a m per g r a m d.w.) of cells of Scenedesmus 
opoliensis o r i g ina t i ng in 3 d i f f e r e n t sec tors of the M u r e ; River , cu l t iva ted in unpol lu ted (O) and 
c a d m i u m - p o l l u t e d (Cd) media 
The equilibrium between biosynthesis and degradation of chlorophyll-/) is also 
influenced by polluting agents. The algal populations which had become tolerant, are 
able to maintain this equilibrium under stress conditions, while the other populations 
show an obvious decline in the amount of chlorophyll-/) in the presence of Cd (Fig.2). 
Even under a constant illumination, the size of the light-harvesting pigment-protein 
complexes varies on a large scalc if different stressors are present in the algal cells. 
Chlorophyll-/), which in greea algae is the main accessory photosynthctic pigment, is 
present mainly in the very dynamic peripherical regions of the light-harvesting 
complexes. 
Pollutants the inhibit any segment of the biosynthetic pathway of this pigment, or 
enhance its degradation, will reducc the overall amount of chlorophyll-/», thus causing 
a decreased efficiency of energy absorption by the algal cells, which finally may result 
in the dccline of biomass production. This suggests that monitoring the quantity of 
chlorophyll-/» under specific light conditions may represent a useful tool for detecting 
the disturbance of energy input into the aquatic communities, caused by polluting 
agents (such as cadmium). In contrast, the amount of one of the most important types 
of chlorophyll-a (known as the P700 pigment) is highly stable under different 
conditions, being not suitable for the detection of unfavorable water quality (Fig. 3). 
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Fig. 4. Dry b iomass p roduc t i on a f t e r It) days of cul t ivat ion of Scenedesmus opoliensis p o p u l a t i o n s , 
o r i g ina t i ng in 3 d i f f e r en t sec tors of the M u r e ; River , cu l t iva ted in unpo l lu t ed (0) and Cd-pn l lu t ed (Cd) 
media 
The dry biomass production is mostly affccted by heavy metal contamination in 
the algal populations isolated from the unpolluted upper sector of the Mure? River 
(Fig. 4). This suggests that acclimation to harmful conditions is a prerequisite of the 
survival of microalgac in polluted environments. Small variations of the dry biomass 
can be registered even in the abscncc of the polluting agent, but the presence of 
dissolved cadmium induces a much more pronounccd decline in dry weight of the 
unacclimatcd populations than in the case of the representatives of the same algal 
specics isolated from a heavily polluted sector of the Mure? River. 
These results reflect that by examining the different populations of the same algal 
species, their physiological sensitivity or tolcrance to polluting agents directly 
indicates the quality of the aquatic environment. 
The above presented invastigations can be completed with the study of different 
physiological categories of hcterotrophyc microorganisms that arc strongly 
interconnected with the planktonic primary producers, and in the same time provide us 
with useful information about hygienical parameters of the water. The chemical 
pollutants also affect the growth and diversity of these heterotrophic bacteria that 
decompose the body of dead organisms and many xcnobiotics, as well (Gauthier and 
Archibald 2001). In this regard one suggestive example will be given bellow, while 
the influence of water pollution on other bacterial groups will be presented separately. 
Accumulation of soluble heavy metals in the water leads to a decreased number of 
bacteria, while the number of colifomis and faecal streptococci is the highest in the 
lower sector of the river, which is loaded with organic substances from household 
wastewaters. This reflects that the chemical nature of the pollutants is the main 
determinant of the development of different prokaryotic microorganisms alon the 
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T a b l e I. T h e n u m b e r of d i f f e r e n t types of b a c t e r i a at 3 s a m p l i n g s i tes a long the M u r e ; R i v e r (in I ml of 
w a t e r ) 
Sampling sites Total number ol" bacteria Coliforms Faecal streptococci 
CiSláoaia Sept. 1999 632 3 0.1 
Gáláoaia Dec. 1999 620 3 0.1 
Gáláoaia May 2000 584 3 0.1 
Gáláoaia Aug. 2000 654 3 0.1 
Gura Aries Sept. 1999 300 27 0.8 
Gura Aries Dec. 1999 204 54 9.2 
Gura Aries May 2000 600 28 7.0 
Gura Aries Aug. 2000 324 27 7.0 
Pecica Sept. 1999 6000 110 0.7 
Pecica Dec. 1999 660 348 6.1 
Pecica May 2000 4820 140 5.1 
Pecica August 2000 5800 173 5.1 
The values of total number of bacteria and the number of coliforms and 
streptococci indicate clean, unpolluted water in the upper section of the Mure? river 
(Galaoaia) in all sampling periods. In this region the river flows far from the human 
settlements and the polluting sources, and the life of the aquatic communities is not 
perturbed. The water brought by the Aric? River pollutes the water of the Mure?, the 
unfavourable effect being reflected by the presence of coliforms and especially of 
streptococci in high number at the confluence site of the Mure? with the the Arie? in 
every sampling period, excepting September, when the values were lower. The total 
number of bactcria and the number of indicators increase significantly in the lower 
region of the river, indicating strongly polluted water. The household wastewater and 
the by-products coming from agriculture and animal husbandry that are released in the 
river determine the contamination of the water with faecal materials and increase the 
amount of the indicator microorganisms. The highest values were registered in the last 
sampling site along the Mure? (Pecica). The presence of pathogens in a number above 
of the admissible values makes the water unsuitable even for bathing or for irrigation 
of crops that serve as food or fodder. 
Conclusions 
1. Functional parameters of algal cells, such as H202-scavenging enzyme 
activity, chlorophyll-i and net bioproductive potential, are good indicators of 
tolerance or sensitivity to water pollution with heavy metals. 
2. By examining the physiological tolerance of different ecotypes of the same 
Scenedesmus opoliensis spccics, collected from the different sampling sites along the 
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Mure?, and cultivated under controlled experimental conditions in culture media 
enriched with cadmium-chloride, very elocvcnt conclusions can be drawn concerning 
the pollution of the aquatic environment to which the examined ccotypcs belong. 
Under controlled experimental conditions, the algal populations originating in polluted 
water exhibit a higher capacity to cope with stressful conditions. 
3. The most sensitive populations to heavy metal pollution arc those inhabiting 
the upper and the lowermost sections of the river (Galaoaia and Pecica). 
4. The algae that are mostly tolerant to high concentrations of heavy metals were 
identified at Gura Arie?, where the Arie? river brings highly polluted waters. 
5. The amount of coliforms and faecal streptococci from the total number of 
bactcria is an indicator of the degree of water pollution with organic compounds of 
anthropic origin. 
6. The water brought by the tributary streams (Aries a r | d Tamava), loaded with 
organic materials, perturbs the natural microbial communities, increasing the number 
of faecal indicators, especially of streptococci. 
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Based on field researches accomplished between 1991 and 1999 but also on all 
rcfcrcnccs, the present paper establishes a synthesis on the aquatic and paludal flora 
from the main rivers' basins from whole Transylvania. The status of spccics 
encountered in the red lists and the main natural protected areas are also conccrncd. 
Between 23% and 32,8% of the flora is considered endangered in the specified area. 
Keywords: Flora, vegetation, wetlands. Red List. 
Introduction 
This paper offers succint information about the aquatic and paludal flora of the 
Transylvanian hydrographic basins (Some?. Cri?, Mure? and Olt), about the plant 
species included in the Romanian red list, the main wetlands where they grow and the 
protected areas of these basins. 
The data arc the result of field research performed, in the 1991-1999 period, and of 
bibliography and herbariums consultation. These were published extensively in 1995 
(Mure?), 1997 (Cri?), 1999 (Some?, Olt). In the mentioned papers, only the species 
which grow near the main rivers course (including the scctors belonging to Hungary) 
were enumerated, but in this paper the numbers render the whole basins 
phytodivcrsity (excluding the scctors belonging to Hungary). The hybrids arc not 
presented in the paper. Concerning the red list of Romanian flora, only extinct (Ex), 
endangered (E), vulnerable (V) and rare (R) plants were selected (excluding spccics 
with an uncertain status of integration in one or another category). 
The Some? Basin 
Phytodiversity and red list. In the Some? Basin there were identified 2050 species 
(cormophytes), of which 455 arc aquatic and paludal spccics. The flora is rich in 
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species as a result of the river's course length, which runs through several different 
forms of relief with different geological substrates and varied soils, as well as distinct 
climates. One important factor is also that the Some? River has two components: the 
Some?ul Mic with the springs in the Western Carpathians, and the Some?ul Mare that 
springs from the Eastern Carpathians. 86 plants of these 455 aquatic and paludal 
species are on the red list. We illustrate this with the following examples: Achillea 
impatiens, Achillea plarmica, Andromeda polifolia, Angelica archangelica, Aster 
bellidiastrum, Blackstonia perfoliata, Calla palustris, Carex atrofusca, Carex bicolor, 
Carex loliacea, Cladium mariscus, Cnidium dubium. Cochlearia borzaeana, 
Comarum palustre, Drosera intermedia, Elatine alsinastrum, Eleocharis quinquefolia, 
Elisma natans, Empetrum nigrum, Euphorbia carpatica, Glaux maritima, Hippuris 
vulgaris, Isoetes lacustris, Ledum palustre, Liparis loeselii, Ludwigia palustris, 
Montia fontana, Najas minor, Narcissus angustifolius, Pedicularis limnogena, 
Pedicularis sceptrum-carolinum, Potamogeton coloratus, Ranunculus 
ophioglossifolius, Ranunculus polyphyllus, Rhynchospora alba, Ruppia rostellata, 
Salix aurita, Salix bicolor, Salix rosmarinifolia, Scheuchzeria palustris, Sparganium 
minimum, Stellaria palustris, Swertia perennis, Tojieldia calyculata, Trapa natans, 
Trichophorum alpinum, Utricularia bremii, Valeriana simplicifolia, Veronica 
scardica, Viola epipsila, Viola uliginosa, Zannichellia palustris. 
Wetlands: in the Some$ul Cald Basin: Barsa, Calci?, Padi?, Savla, Cuciulata, 
Onceasa, Piatra Graitoare, Izbuc, Ic, Calineasa, Pietrele Onachii, intre §imone, Doda, 
Gura Firii, Tau Negru, Paraul Carbunilor, §ilica, Ra?ca, Ciurtuci; in the Some^ul Rece 
Basin: Maguri. Dame?, Munti?oru, Cotul Some?ului, Sub Zapode, Ciunget, 
Balomireasa, Taul Zanelor, Mocirle, Taul Capatanii, Blajoaia; in the Some$ul Mic 
Basirv. Salicea, Valea Morii-Feleacu; in Some$ul Mare Basin: Tinovul Campeilor-llva 
Mare, Zagra, Nimigea de Jos, Budacul de Jos, $intireag, Mogo?eni; in the United 
Somej Basin: Hida, Mire?u Mare, Satulung, Homoroade, Ardusat; in Lapu$ Basin: Tau 
Negru, Recea-Lapu?el, Gro?i; in the Crasna Basin: Ecedea (disappeared). 
Protected wet areas: Valea Izbucelor, Padi?, Valea Morilor, Lacul $tiucilor, Sic, 
Budacul de Jos, Mogo?eni, Zagra, Baia Mare, Rodna National Park, Apuseni National 
Park. 
The Cri? Basin 
Phytodiversity and red list. The Transylvanian Cri? Basin flora is estimated at 
1850 species, 361 species being aquatic and paludal plants. The diversity is lower than 
that of Some? Basin, due to its smaller area and its limited localisation between the 
Western Carpathians and Pannonic Plain. 60 aquatic and paludal plants are included in 
the red list. Ex.: Acorus calamus, Alisma gramineum, Angelica archangelica, Carex 
lasiocarpa. Elatine alsinastrum, Elatine hexandra, Elatine hungarica, Elatine 
triandra, Fritillaria meleagris, Gladiolus palustris, Iris sibirica, Lindernia 
procumbens, Ludwigia palustris, Marilea quadrifolia, Montia montana, Najas minor, 
Narcissus angustifolius, Nuphar lutea, Nymphaea lotus ssp. thermalis, Pedicularis 
limnogena, Potamogeton trichoides, Ranunculus circinatus, Rhynchospora alba, 
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Sagittaria subiilata, Salix aurita, Scheuchzeria palustris, Scirpus radicans, 
Sparganium minimum Stellaria palustris, Stratiotes aloicles, Succisella inflexa, 
Swertia perennis, Trapa natans, Trollius europaeus, Utricularia australis, Vallisneria 
spiralis, Veronica catenata, Wolffia arrhiza. 
Wetlands-, in the Crifitl Repede Basin: Cálatele, Dämbul Negru, Tául Runcului, 
Negru?ul Finciului, Murga?, Stána de Vale, Remetí, Morlaca-Huedin, Petea-Oradea; 
in the Cri$ul Negru Basin: Cefa, Rädvani, Martihaz, Mädära?, Salonta, Avram Iancu, 
Tulca; in the Critfitl Alb Basin: Ineu, Bocsig, Beliu, Gurahonf, Sebi?, Päncota, 
Chi?ináu-Cri?, Vánjand. 
Protected wet areas: Baltile Gurahont, Petca-Oradea, Apuscni National Park. 
The Mure? Basin 
Phytodiversity and red list. Due to the fact that the Mure? Basin is the largest 
hydrographic basin of Transylvania, and the Mure? River has tributaries in all Eastern, 
Southern and Western Carpathians, the phytodiversity is high. This basin's flora is 
estimated at 2120 species of which 458 are aquatic and paludal plants, 86 of them 
being included in the red list. Ex.: Achillea impatiens, Andromeda polifolia, Angelica 
archangelica, Angelica palustris, Apium nodifolium, Apium repens, Barbaraea 
lepuznica, Betula humilis, Calla palustris, Carex brunescens, Car-ex chordorrhiza, 
Carex heleonastes, Carex limosa, Cnidium dubium, Elatine alsinaslrum, Epilobium 
alsinifolium, Epilobium nutans, Evonymus nana, Fritillaria meleagris, Gladiolus 
palustris, Glaux maritima, Groenlandia densa, Hammarbia paludosa, Hottonia 
palustris, Lindernia procumbens, Lysimachia thyrsiflora, Marselici quadrifolia, 
Narcissus anguslifolius, Orchis laxijlora, Osmunda regalis, Pedicularis sceptrum-
carolinum, Peucedanum rochelianum, Polamogeton alpinus, Potamogeton 
compressus, Ranunculus polyphyllus, Rhyncospora alba, Salix rosmarinifolia, 
Saxifraga hirculus, Scirpus radicans, Schoenus ferrugineus, Senecio paluster Spiraea 
salicifolia, Stellaris longifolia, Succisella inflexa, Taraxacum fontanum, 
Trichophorum alpinum, Utricularia australis, Utricularia minor, Viola epipsila. 
Wetlands: Vo?lobeni, Joseni, Borzont, Remetea, Targu Mure?, Ideciu, Ocna 
Mure?, Pecica-Bezdin, Nadlag; in the Tarnava Mare Basin: Var?ag, Dcalu, §ae§; in 
the Tarnava Mica Basin: Praid, Pasul Corundului; in Arie§ Basin: Ieri?oara, 
Dumitreasa, Izvorul §oimului, La Potcoava, Muntele Mare, Mluha-Ponor, Valea 
Cepilor, Valea Ratacita-Sagacea; in the Sebaj Basin: Tartarau, Salane, Oa?a, Prigoana; 
in the Strei Basin: Pui, Nuc?oara 
Protected wet areas-. Vo?lobeni, Padurea Mociar, Pui, Nuc?oara, Bezdin, Rctezat 
National Park. 
The Olt Basin 
Phytodiversity and red list. Although we are referring only to the upper and middle 
Olt River Basin, due to the fact that only these sectors are located in Transylvania, the 
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flora is the richest (2130 species) as compared with all the hydrographic basins of 
Transylvania. This is because the Olt River has tens of tributaries from Eastern and 
Southern Carpathians and. in the same time is the southest basin of Transylvania. Of 
all these cormophythes 445 species are aquatic and paludal plants and 77 of them are 
included in the red list. From this list I am quoting: Achillea plarmica, Acorellus 
pannonicus. Acorns calamus. Angelica palustris, Apium repens, Armeria barcensis, 
Betula humilis. lietula nana. Calla palustris. Calamagrostis neglecta. Carex contigua, 
Cladium mariscus, Cnidium duhium. Comarum palitstre, Drosera anglica. Drosera 
intermedia. Elaline hexandra. Eleocharis uniglumis. Euonymus nana. Fritillaria 
meleagris, Groenlandia densa. Hippuris vulgaris. Hotonia palustris. Iris sihiricu. 
Isolepis setaceu, Isolepis supina. ./uncus hulbosus, Ligularia sibirica. Lysimachia 
thyrsiflora. Menyanthes trijbliatu. Narcissus ungustifolius, Nuphar luteum, Nymphaeu 
alba, Pedicularis sceprum-carolinum, Peucedunum rochelianum, Plantago maxima, 
Polemonium coeruleum. Primula farinosa, Ranunculus rionii, Rhynchospora alba, 
Salix aurita, Salix rosmarinifolia, SaxiJ'raga hirculus, Saxifraga mutatu. Schoenus 
ferrugmeus, Scheuchzeria palustris. Scirpus radicans. Serratula wolffii, Sesleria 
uliginosa, Sparganium minimum. Spiraea salicifolia. Stellaria longifolia. Stratiotes 
aloides, Trapa nutans, Trollius europaeus, Typha shuttleworthii, Utricularia bremii, 
Valeriana simplicifolia, Veronica catenata, Viola epipsila, Zannichellia palustris. 
Wetlands: Madara?. Racu, intrc Olturi. Miercurea-Ciuc, Jigodin, Borsáros and 
Lucs-Sáncráicni. Misentca, Büdös-Sántimbru, Sánsimion, Vrabia. Tu?nadul Nou, 
Moho?-Tu?nad, Prejmcr, Hárman, Stupini, Sanpetru, Bod. Feldioara. Sántion-Luncá, 
Arini, Aita Marc. Miclo?oara. Apata, Ormeni?, Augustin. Comana de Jos. Sinca Nouá, 
Dumbrava Vadului. $crcai(a, Toderija, Bárcul Hurezului. Ráu?or, Mandra, Arpa?ul de 
Jos, Avrig, Bradu, Sebe?-Olt, Turnu Ro?u.; in the Raul Negru Basin: Estclnic. Mcreni, 
Lunga-Ojdula, Bálványos-Turia. Catalina-Ghelinta. Bor?ncul Marc-Zagon, 
Mestecáni§-Rcci, Malna?-Bai; in the Baraolt-Várghif Basin: Várghi?, Báile Ozunca. 
Báilc Harghita; in the Homorod Basin: Cápálnita, Vláhita-Lueta. Ocland; in the 
Hartibaci Basin: Movilc. Cove?, Bárghi?; in the Cibin Basin: Sibiu (disappeared), 
Suvará-Tálmaciu, Cristian, Mag. Frumoasa, lujbea Cacovci, 
Protected wet ureas: Borsaros-Sáncráieni, Tinovul Lues, Dumbrava Harghitei-
Vláhi(a, Reci, Hárman, Stupini, Moho?-Tu?nad, Büdös-Sántimbru. Prejmcr, 
Dumbrava Vadului, Bálca, Arpá?el, Suva|"á-Tálmaciu, Chcile Bicazului-Há?ma? 
National Park, Bucegi National Park. Piatra Craiului National Park. 
Conclusions 
Observing the data included in Tab. 1, we ascertain that in the investigated 
hydrographic basins, as well as in all Transylvania and Romania. I6,6%-18,9% of the 
wet ecotops" flora is threatened, while 23,0%-32,8% of the integral flora is 
endangered. 
This means that there arc in suffering more xerophylous and mcsoxerophylous 
species than hydro-, hygro- and hygromesophylous plants. Indeed, over 35% of the 
Romanian steppe and sylvosteppe species are included in the red list. Comparing the 
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flora of Transylvanian hydrographic basins, the data guide to the conclusion that the 
richest phytodiversity is in the Oil Basin, followed by the Mure?, Some? and Cri? 
basins, and this phytodiversity is the mostly threatened in the Mure? and Some? 
Basins. For a more exact estimation also the extent of the basins must be taken into 
account, because at a ccrtain surface the number of species docs not increase 
proportionally with the analyzed area extension. 
T a h. I. C o m p a r a t i v e d a t a c o n c e r n i n g each h y d r o g r a p h i c has in , T r a n s y l v a n i a n and R o i n a n i a n f lora 






















Somcç 15.015 km' 2050 520 25.4% 455 86 18,9% 
Cri? 14.120 km-' 1850 460 24,9% 361 60 16,6% 
Mures 27.830 knv 2120 570 26.9% 458 86 18.8% 
Olt 13.340 km2 2130 490 23.0% 445 77 17,3% 
Total 70.405 knv 2830 780 27.6% 560 102 18.2% 
IkonianiaT 237.500 km' [ 3630 | 1190 | 32.8% | 6S0 [ 126 | 18,6% 
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VEGETATION DESCRIPTION OF REPRESENTATIVE 
HABITAT COMPLEXES ALONG THE MAROS (MUREÇ) 
RIVER 
Margôczi K., Drâgulescu С.. Macalik К. and. Ma kr a O. 
Abstract 
Detailed identification and description of still existing natural or semi natural 
habitat complexes is necessary to planning conservation strategics, or restoration 
programs of deteriorated riverside habitats. The Maros River with its 768-km length is 
the most important tributary of the Tisa River. Since 1991 Hungarian and Rumanian 
non-governmental organisations has started interdisciplinary research to assess the 
common river's environmental condition. On the base of this pilot research 4 
representative and highly natural areas has been selected for more detailed scientific 
investigations: (1) peat bog at Vasläb/Vo?lobeni in Giurgcu (Gyergyoi) basin, (2) 
lower Mure§/Maros pass between Ilia and Deva, (3) Pecska/Pecica-Bezdin forest, (4) 
Maros section in Hungary. Cenological relcves were made in 5-6 representative and 
natural or semi natural vegetation stands. A description and comparative evaluation of 
the river valley vegetation were made on the base of these relcves. 
Keywords: habitat complexes, river valley vegetation, Maros/Murc$, conservation 
evaluation. 
Introduction 
Eastern and Central European rivers and related habitats play an important role in 
maintaining the biological diversity of the biogeographical regions, not only because 
of their corridor function, but bccause they arc rich core areas of ecological networks 
(Galleetal . 1995, IIJCN 1995). 
European policy toward flood control is being revised, and provides major 
opportunities toward nature development or restoration (PEBLDS, 1996). 
Detailed identification and description of still existing natural or semi-natural 
habitat complexes is necessary to plan conservation strategies, or restoration programs 
of deteriorated riverside habitats. The Maros River with its 768-km length is the most 
important tributary of the Tisa River. It crosses several relief features with varying 
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lithological structures and its valley includes several various habitat complexes with 
rich flora, fauna and diverse vegetation. Dragulescu (1995) presents an enumeration of 
the flora and vegetation of the Mure? River valley. He refers 1846 taxa of plants, 174 
plant associations, and points out, that the Maros valley is now moderately degraded 
by human activity. The rate of degradation increases from the springs to the river 
mouth. 
Since 1991 Hungarian and Romanian non-governmental organisations have started 
interdisciplinary research to assess the common river's environmental condition 
(Hamar & Sarkany-Kiss, 1995). On the base of this pilot research 4 representative and 
highly natural areas have been selected for more detailed scientific investigations. 
Materials and methods 
Botanical field sampling 
Cenological rcleves were made in 5-6 representative and natural or semi-natural 
vegetation stands. The areas of the plots were 5x5 m in grasslands, and 20x20 m in 
forests. The percent coverage of plant spccics was detected. 
A description and comparative evaluation of the river valley vegetation were made 
on the base of these rclcvcs. The cenological identification of plant association was 
made according to of Borhidi & Santa (1999) and Sanda ct al. (1980). 
Fig. I. T h e s tudv si tes a long the r i v e r M u r e $ / M a r o s . 1. Peat bog at Y'aslab/Y'o$l»heni in t he G i u r g e u 
( G y e r g y o i ) bas in 2. I .ower M u r e $ / M a r o s pass be tween Ilia a n d D e v i 3 . P e c s k a / P e c i c a - K c / d i n f o r e s t . -4. 
M a r o s sect ion in H u n g a r y 
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S t u d y si tes (Kig. I . ) 
Study site Year of field investigations 
Peat bou at Vasláb/Vo$loben in Giurtieu (Gyergyói) basin 1999 
Lower Mure§/Maros pass between Ilia and Dcva 2001 
Pécska/Pecica-Bezdin forest 2000 
Maros section in Hungary 2001 
Results 
Description of the study areas 
Peat bog at Vasláb/Vo?lobcni in the Giurgcu (Gyergyói) basin 
The several streams coming in to the basin formed a fen area with two peat bog 
patches. A thick Sphagnum layer covers these two patches and a sparse stand of Picea 
abies, and Betula pubescens trees grows here. The peat bog patchcs arc surrounded by 
large sedges, which arc rich in typical fen plant species. The next zone in a slightly 
higher elevation is the fen meadow, used mainly by mowing. There arc dry pastures in 
the relatively highest areas of the basin. The vegetation of the studied area is very rich 
and diverse. The composition and pattern of plant associations seems to be rather 
undisturbed. 
Investigated habitats: peat bog and fen (mainly Carici stellulatae and rostratae-
Sphagneium, Caricetum rostratae, Caricelum fluvae juncosum subnodulosi, and 
Filipendulo-Geranielum paluslris), wet meadows (Molinietum coeruleae and Agrostio 
- Deschampsielum caespilosae), and a dry pasture (Agrostio - Festucetum rubrae). 
(1) Lower Mures/Maros pass between Ilia and Dcva 
The river valley is very narrow, a main road and a railway line arc driven here. 
Most of the area is under agricultural use; the rate of natural habitats is very low. 
Several plant species of mountain habitats occur occasionally in the river valley. 
Investigated habitats: riverside, spccics rich willow forest (Salicetum albae-
fragilis). a wet meadow with furze willow (Salix cinerea, Lythrum salicaria. Inula 
lielenium) an abandoned arable land, rcvegetatcd mainly with non-weed, native 
specics, a rather degraded pasture, and a mountain pasture. 
(2) Pecska/Pecica-Bezdin forest 
The river is only slightly channelled; it builds and destroys shoals and banks. 
Different succcssional stages of natural habitat types arc well developed. Most of the 
forests grow up in natural way after cutting, the forest management is not intensive. 
Investigated habitats: the oak-ash-clm forests (Fraxino pannonicae-Ulmetum) 
have high natural value, with species rich, natural undergrowth. The willow and poplar 
forests (Salicetum albae-fragilis) are valuable as well. The sodic oak forest and its 
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glade (Peuceduno officinaHs-Asteretum sedifolii) are such a habitat, which is highly 
protected in Hungary. 
(3) Maros section in Hungary 
The river is artificially channelled; the dikes separate the inundation area. There 
are no forests outside the dikes. The planted forests in the inundation area arc 
intensively managed, the natural undergrowth is eliminated at plantation of the forests. 
The rate of hybrid poplar plantation is rather high. The rate of really old oak, white 
poplar and willow forest is rather low. The invasive tree species arc abundant. Some 
native and protected plant specics occur sporadically. Most of the inundation area is 
under protection, and habitat reconstruction is planned. 
Investigated habitats: old poplar-willow forests (Salicelum albae-fragilis). several 
planted forests (Populus canescens, Populus x hybrida. Quercus robur), foxtail 
meadow (Alopecuretum pratensis). grassland on the dike, forest belt. 
Discussion 
These 4 study sites do not represents all of the habitat types and the whole flora 
and vegetation of the Mure? valley, but they give a certain picture about the long and 
very diverse river from the upper section till the estuary. 
The peat bog and fen area at Vo?lobeni is a highly natural, rich and diverse. 
Detailed botanical description of occuring habitats is presented by Margóczi et al. 
(2000). The present human uses of the grasslands, that is moderate grazing and 
mowing, do not endanger considerably the natural values, but the nature protection 
and detailed mapping of this very important natural habitat is necessary and urgent! A 
similar peat bog basin has been drained 50 years ago near to this place. The 
agricultural use of the area is not very successful, but the unique natural values have 
disappeared. 
In the narrow river valley in the lower Mure? pass most of the area is under 
agriculture, or serving the big traffic, so the few semi-natural habitats arc very 
important for maintaining regional biodiversity. The investigated secondary habitats 
seemed to be rather rich in natural plant specics, the mountain species often occur, the 
corridor function of the river seems to be working. 
Comparison of the two study sites in the Romanian and Hungarian part of the 
Mure? floodplain clearly demonstrate the effect of human use on rcvcrine habitats. 
The river is highly channelled in the Hungarian part, flows in a straight, artificial bed, 
so the natural habitat dynamics of the building and falling banks does not work. In the 
Romanian section a lot of different natural, successional stages of riverine habitats 
develop. The other big difference is in the management of forests. In the Hungarian 
part the forests are artificially planted and intensively managed. The main tree species 
is the exotic hybrid poplar. There are native oak, poplar and willow forests, but their 
grass layer is very poor. The unnatural inundation regime inside the dikes does not 
allow the survival of several natural specics. In the Rumanian part the forests regrow 
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in a natural way after cutting, and the hydrological situation is much more natural. The 
species rich and highly natural forests in the Romanian part could be the refcrcncc 
sites for habitat restoration experiments in Hungary. 
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SOME ASPECTS OF THE MODIFICATIONS OF THE 
AQUATIC OLIGOCHAETA FAUNA IN THE CRIÇURI 
RIVERS BETWEEN 1994-1998 
Diana Cupfa 
Abstract 
The aquatic oligochaeta were studied in the Cri$uri Rivers between 1994-1998 in 
two research campaigns. In this paper wc compare the results of the two campaigns 
and we apreciate the evolution of the oligochaeta fauna from the Criijuri Rivers 
according to the environmental modifications. 
Wc observed that in the most river parts the number of the species decreased and 
sometimes their density increased. This fact is probably due to the higher organic 
pollution of the river portions in certain periods of time. 
Keywords: oligochaeta, bcnthic fauna, diversity. 
Introduction 
The composition of the living organism communities in a ccrtain environment 
reflects the quality of this environment. The changes in the species association reflect 
natural or anthropic modifications in the environment, modifications which determine 
the settlement or the disappearance of ccrtain species. 
The cfTccts of the modifications can be short like oxigen depletion or longer like 
heavy metal pollution, and they determine injuries of the zoocoenoses. which will 
resettle in a longer time (A. Szító, K. Mózes, 1997). 
We tried to compare the aquatic oligochaeta fauna from the Cri§uri rivers in the 
different years of study as follows: Cri$ul Alb 1994, 1997, 1998; Cri?ul Negru 1994, 
1996, 1997, 1998 and Cri?ul Rcpede 1995, 1996, 1997, 1998. The material from 1994 
and 1995 was collccted.by a campaign organised by Tisza Klub (Szolnok, Hungary) 
and Liga Pro Európa (Tárgu Murc§, Romania). The results of this campaign were 
published in the Tiscia Monograph Scries, The Cri§/ Körös Rivers' Valleys, 1997. The 
material from 1996-1998 was collected by myself. 
The sampling sites in the two campaigns were not all the same, so wc compared 
the oligochaeta fauna from the matching sites on each river. 
These were the follows: Cri$ul Alb: Brad, Aciuja, Chi§ineu-Cri§; Cri$ul Negru: 
§tei, Tinea, Zerind; Cri$ul Rcpede: §aula, Ciucea, Stána de Vale, Vadu Cri§ului, 
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Ale$d, Fughiu. The sample sites were described in a previous paper (A. Särkäny-Kiss, 
N. Gäldean, N. Mihäilescu, 1997). 
The goals were to apreciate the modifications of the aquatic oligohaeta community 
in the years of study, to appreciate the effects of the environmental changes on the 
aquatic oligochaeta and to forecast the future evolution of the aquatic oligochaeta 
community. 
Material and methods 
The samples were taken by a hand net with 250 jun pore mesh size. The sediment 
was collcctcd near the banks on the right and left sides and in the main current. 
Each sample was washed through a metal screen with a pore mesh size of 250 (iin 
after collection and preserved in 3-4% formalin solution. The oligochaeta were 
separated from the sediment under a stereomicroscope with a four to sixfold 
magnification. Animals were preserved in 80% ethylalcohol. 
For the taxonomical identification the following works were used: Brinkhurst 
1963; Brinkhurst and Jamieson 1971; Fcrencz 1979; Pop V. 1943, 1950. 
Results 
Cri§ul Alb River 
At Brad in 1994 the number of spccics and the density of the oligochaeta was 
bigger than in the following years when we found two species (7 in 1994) and a 
density under 1000 ind./m". We found almost exclusively Tubificidac species. 
Limnodrilus claparedeianus and Potamothrix isochaelus were dominant. Only in 1997 
we found one Naidid species; Spercaria josinae. 
At Aciufa we also found in 1997-1998 fewer spccies (1-2) than were found in 
1994, but the density of the individuals is closer in the three years of study (Table 1). 
Dominant in 1997-1998 was Limnodrilus claparedeianus and in 1994 Limnodrilus 
hoffmeisleri. 
At Chi§incu-Cri§ in 1997 and 1998 we did not find any of the spccies found in 
1994, but the density and the number of species were very alike in these years. 
The number of spccies founded along the total number of sample sites of the Cri§ul 
Alb River (5 sites in 1994 and 12 in 1997-1998) were 11 in 1994 and 14 in 1997-1998, 
from which 5 species are common in the whole period of study: Nais behningi, Nais 
pseudoptusa, Prislina rosea. P. bilobata, Limnodrilus claparedeianus. 
The diversity is the highest in 1994 in all three sample sites (Fig. 1). In the next 
period the diversity drops in all sample sites and in 1998 at Aciuta it is zero, as well as 
in 1997 at Chi$ineu-Cri§. 
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0 .7 
Brad Ac iu t a C h i s i n a u - C r i s 
• 1 9 9 4 • 1 9 9 7 P 1998[ s a m p l i n g s i tes 
F i g . l . C o m p a r a t i v e d ive r s i t y of t he o l i gochae t a f a u n a in t h e Cr i$ul Alb Kiver as a l iv ing r e s o u r c e in 1994, 
1997. 1998. ( S h a n n o n - W i e n e r d iv . I n d e x ) 
Cri$ul Ncgru River 
At §tei in 1994 the highest density and number of species (2809 ind./m2 and 6 
species) was found (Table 2). The situation was similar in 1996 when we also found 6 
species and their density was around 2300 ind./m2. In 1997 and 1998 the density and 
the number of species decreased very much as compared to the previous years 
situation, to 3 species and a density below 1500 ind./m2. 
At Tinea there is the only site along the river where in 1994 only one species 
Branchiura sowerbyi was found, but in the following years we found 4 to 7 spccics 
with a high density of the individuals, above 4500 ind./m2. 
At Zcrind the number of spccics and the density of the aquatic oligochaeta were 
very similar in all the studied years, although the found species weren't the same ones 
in these years. 
The number of spccics founded along the total number of sampling sites on the 
Cri$ul Negru River (9 sites in 1994 and 8 sites between 1996-98) were 16 in 1994 and 
13 between 1996-98. The common species in these years are 8: Nais behningi, N. 
bretscheri, Pristina aequiseta, P. bilobata, Vejdovskyella comala, Branchiura 
sowerbyi, Limnodrilus claparedeianus, Tubifex newuensis. 
The diversity in the compared sample sites varies in the 4 years of study. At $tei 
the highest diversity was in 1994 (Fig. 2), in 1996 the diversity was almost the same as 
in 1994, but in 1997 it drops to 0,142 and in 1998 increases again. 
At Tinea in 1994 the diversity was zero, in 1996 was as low as 0.054, but in 1997-
98 it has improved (Fig. 2). 
At Zerind the diversity is the most constant. 0.3 in 1994, 0.451 in 1996-97 and 
0.384 in 1998. 
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T a b l e 2. Q u a n t i t a t i v e d a t a of the O l i g o c h a e t a in the Kiver C r i j u l Negru in 1994. 1996. 1997. 1998. 
Spccies 
Brad Aciuta Chiçineu Cri? Tot. 
Sp. 94 
Tot. 




Spcrcaria iosinae 106 - + 
Nais bchningi 20 30 + + 
N. brctscheri + 
N. communis 386 + -
N. pseudoptusa + + 
N. variabilis 214 + -
Pristina rosea 109 58 + + 
P. bilobata 686 241 118 + + 






171 399 302 680 1106 40 + + 
L. hoffmeisteri 2313 845 30 + -






193 204 102 -








T0..1I (ind'm :) 4284 299 603 1589 798 1106 100 109 160 
Total sp. 7 2 : 5 2 1 3 1 2 11 14 
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T a b l e 2. Q u a n t i t a t i v e d a t a of t he O l i g o c h a e t a in t he Kiver C r i j u l Negru in 1994. 1996. 1997. 1998. 
Stei Tinca Zerind Tôt. Tôt. 




Nais barbala 219 + 
N. behningi 203 803 201 351 557 + + 
N. breischeri 619 97 10 + + 
N. communis + -
N. pseudopiusa + -
Pristina 251 52 10 206 + + 
aequiscta 
P. bilobata 1106 198 138 108 81 + + 
P. rosea + -
Vejdovskyella 49 + + 
cómala 




Spercaria iosinae 550 616 106 104 - + 
Branchiura 59 501 406 + + 
sowerbyi 
Potamothrix 98 1405 486 1105 92 - + 
vejdovskyi 
Isochaeta 48 4384 2893 199 399 - + 
michaelscni 
Limnodrilus 401 347 104 2991 103 96 153 + + 
claparedeianus 
L. holTmeisteri 987 182 + -
L. profundicola + 
Tubi fex 198 + + 
newaensis 
T. tubifex 474 + -
Eiscniclla + -
tctraedra 
Total (ind/nr) 2809 2353 1252 402 59 5601 5675 4508 759 401 403 633 -













Stei T inca 
1994 a 1996 • 1997 • 1998 
Z e r i n d 
s a m p l e s i tes 
Fig.2. C o m p a r a t i v e d ive r s i t y of the o l i g o c h a e t a f a u n a in t h e Cr i$u l N e g r u Kiver as a l iv ing r e s o u r c e in 
1994. 1996-1998. ( S h a n n o n - W i e n e r d iv . Index) 
Saula C i u c e a St. de V a l e V. C r i s 
1995 a 1996 • 1997 1998 
A lc sd Fugh iu 
s a m p l e s i tes 
Fig. 3 . C o m p a r a t i v e d ive r s i t y of t he o l i gochae t a f a u n a in t he Cr i$u l R e p e d e R ive r as a l iving r e s o u r c e in 
1995-1998. ( S h a n n o n - W i e n e r d iv . I n d e x ) 
Cri$ul Rcpede River 
In 1995 the number of species was higher than in the following years. In the first 5 
sample sites the differences between the number of species are high, in 1995 there were 
found more than the double of the species than in the following years. But the situation 
of the density is different because we registered sites (Ciucea, Vadu Cri§ului, Ale$d) 
were the density increased between 1996-1998, although the number of species 
decreased.The smallest difference is at Fughiu where except 1998, when we found only 
3 species in the previous years, the number of species is almost the same (between 8 and 
10) (Table 3). At this sample site the density of the oligochaeta is much higher in 1996-
1998 than in 1995. The total number of species found in all sampling sites along the river 
( 8 in every year of study) was 25 in 1995 and 24 between 1996-98. The common 
species were 13: Nais barbata, N. behningi, N. bretscheri, N. pseudoptusa, Vejdovskyella 
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comata, Stylaria lacustris. Pristina bilobala, P. rosea, P. aequiseta, Branchiura sowebyi, 
Limnodrilus claparedeianus, L. hojfmeisteri, L. udekemianus. 
The diversity of the oligochaeta in the four years of study varies, it is lower between 
1996-98 than in 1995 (Fig. 3) at §aula, Ciucea, Stana de Vale, and Vadu Cri§ului. At 
Ale$d in 1996 the diversity is higher than in 1995, but in the following years it decreases. 
At Fughiu in 1996 and 1997 it is higher than in 1995, and in 1998 it is lower. 
Discussion 
In the Criijul Alb River the high density of the oligochaeta at Brad in 1994 is 
probably due to the organic material content and the quantity of the inorganic 
phosphorus which determine the biomass of the primary production, the main food 
source of the worms (A. Szito, K. Mozes, 1997). The decrease of the density and the 
number of species in the following years is probably due to the decrease of the inorganic 
phosphorus quantity or a higher flow of the water which can wash away the phosphorus, 
the organic matter and also the worms. 
At Aciuta the number of species is lower in 1997-98, but we found the same 
species as in 1996, with lower densities. Here the river is cleaner than at Brad and the 
lower organic content does not allow the settlement of too many species. 
At Chi§ineu-Cri§ we found in the three years of study different species but the 
same low density. This is due to the fact that in this sector the river banks are 
endammed and the riverbed is very uniform. Also, the muddy and sandy riverbed is 
moved by the current so the benthic fauna cannot consolidate here. For this reason, the 
species found here, in the different years are not the same and their density is low. 
The existence of only five common species found in the different years of study, 
reflects the fact that the aquatic oligochaeta in the Cri$ul Alb River is not well 
consolidated, it varies a lot, due to the fact that the river crosses many localities which 
can pollute the river with organic or inorganic materials, affecting the quality of the 
water and the benthic communities. 
On the Cri$ul Negru River at $tei the quality of the water is poor due to the organic 
wastes eliminated from the locality in the river. This fact determines a higher density 
of aquatic oligochaeta which have good trophic conditions at this sample site. In 1998 
the water quality seems to improve bccausc the density of the oligochaeta drops 
abruptly (Table 2). 
At Tinea we found great differences between the oligochacta identified in 1994 
and 1996-1998, regarding the number of species as well as the density. In 1994 was 
found a single species Branchiura sowerbyi with a low density of individuals. This 
species is a thermophylic and pelophylic one and it was found in almost all research 
period. During 1996-98 the number of the species was higher (4 to 7 species) with a 
higher density, fact which is probably due to the higher organic content in the river in 
this period which offers a good trophic base to the oligochaeta. Some of the species 
could be carried here from upstream by the water from the regions where the water 
speed is higher and can wash the substratum, especially in the periods with high flows. 
At Tinea the water flows slower and the oligochaeta can be deposited in the riverbed. 
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Table 2. Q u a n t i t a t i v e d a t a of t he O l i g o c h a e t a in the Kiver C r i j u l Negru in 1994. 1996. 1997. 1998. 
1 
Spccii 
Saul a Ciucea St.Vale 
2 95 96 97 98 95 96 97 98 95 96 97 98 
3 Chaetogaster 
diastrophus 
4 Ch. langi 106 296 
5 Spercaria josinae 502 611 206 150 
6 Aulodrilus pigueti 
7 A. plurisota 2 
8 Uncinais uncinata 
9 Nais barbata 4 325 
10 N. bchningi 150 204 104 103 102 402 
II N. bretschcri 138 207 110 
12 N. communis 274 380 
13 N. elinguis 8 147 
14 N. pardalis 484 
15 N. pseudoptusa 30 573 








20 Stylaria lacustris 
21 Ptgucticlla blanci 98 96 
22 Dero obtusa 
23 Pristina rosea 16 109 
24 P. bilobata 8 
25 P. aequiseta 14 51 102 




28 Tubifcx tubifex 859 6 





328 58 103 144 205 99 205 
32 L. hofTmeisteri 3443 98 56 98 
33 L. profundicola II 
34 L. udekemianus 439 
35 Psammorycrtides 
moravicus 
36 Ps. albicola 
37 Potamothrix 
vejdovskyi 
38 Eiseniella tetraedra 15 
39 Total (ind'm") 5094 164 394 103 556 796 109 1118 2340 459 352 915 
40 Total species 6 2 2 1 11 3 1 4 10 4 3 5 
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1 V.Cris Alesd F i * hiu Toi. 
Sp .95 
Tot. 
Sp. 96-98 2 95 96 97 98 95 96 97 98 95 96 97 98 
3 101 - + 
4 105 - + 
5 202 294 201 196 108 191 506 608 - + 
6 7 + -
7 13 + -
8 95 - + 
9 7 73 + + 
10 16 795 199 119 250 204 + + 
11 312 101 1295 + + 
12 86 123 20 + -
13 23 53 + -
14 19 377 3 + -
15 73 204 103 + + 
16 3 + -
17 - + 
18 7 51 + -
19 103 3 98 204 + + 
20 12 88 + + 
21 496 351 803 + 
22 - + 
23 3 396 209 108 968 + + 
24 6 97 98 17 7 311 791 + + 
25 103 10 105 401 + + 
26 + 
27 + -
28 13 46 3 101 + 
29 803 750 + 
30 3 + + 
31 6 204 + + 
32 301 12 998 3402 2989 17 + + 
33 + -
34 + + 
35 103 550 795 - + 
36 197 + 
37 - + 
38 13 100 + _ 
39 581 703 1595 707 2259 1295 4653 4289 202 2670 3480 2080 
40 12 4 6 4 15 3 5 5 10 8 9 3 25 24 
At Zerind the number of species and their density do not vary too much, but the 
found species were different in the studied years. The reason for this fact is the same 
as mentioned at Chi$ineu-Cri§: the enbankmcnt of the river and the moving substrate 
which does not allow the oligochacta community to consolidate. 
In the Cri$ul Negru River we found 8 common species for the two study periods, 
which represent half of the total species found in the river. This reflects the fact that 
the river has a basic structure of oligochacta on which the associations can build up. 
In the Cri$ul Repcdc River at §aula the density and the number of species decrease 
between 1996-1998 as compared to 1995, but the Tubificidac species arc also 
dominant, fact which reflects a high organic content of the water at this sample site. 
At Ciucca the situation of the number of species is similar to that found at $aula, 
the density increases in 1996 and 1998, but here the Naididac spccics arc dominant, 
fact which reflects an improving water quality compared to the $aula sample site. 
At Stana de Vale and Vadu Cri?ului the number of spccics decreases between 
1996-98 compared to 1995, but at Vadu Crijului the density increases in the same 
period. At these two sample sites the dominant oligochacta are also the Naididac. Here 
the water quality is relatively good, with a small organic content. 
At Alc$d the number of species decreases between 1996-98 but the density is 
higher in 1997 and 1998 than in 1995 and 1996. Here the dominant spccics arc also 
the Naididac. 
At Fughiu the differences between the number of species is not so high between 
1995-97, but it drops in 1998. The density is much higher between 1996-98 than in 1995. 
The modifications of the number of species and their density along the Cri§ul Repcdc 
River is due probably to the hydrological regime of the water, the great number of 
dammed portions which function as water reservoirs and from where the water is clcarcd 
out in the dry periods of the year to ensure the water supply for the localities along the 
Cri$ul Repede River. These modifications in the hydrological conditions can wash away 
a part of the oligochacta fauna and causc the mentioned modifications. 
The total number of species found in 1995 was 25 and between 1996-98 it was 
only 24. The common spccics from these years in the river arc 13. This reflects the 
fact that the oligochacta community along the Cri$ul Repede River has a basis of 
species around which the associations consolidate. 
Conclusions 
Along the Criçuri rivers we found during the mentioned study years great 
modifications conccrning the number of species and their density. These modifications 
are caused by the different levels of pollution in the different years, the different 
hydrological regimes and the characteristics of the life cycles of each species. 
The diversity of the oligochacta is generally low, in some places equal to zero in 
some periods ($aula 1998. Ciucca 1997, Tinea 1994, Aciuja 1998, Chi{ineu-Criç 1997). 
The number of species along the rivers have a little variation between the years of 
study with the exception of the major part of the Criçul Repede River, but we found 
different species in different years in the same sample sites. 
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In the most upstream river portions the Naididac species arc dominant, which reflects 
a better water quality than in the lower portions where the Tubificidae are dominant. 
Because in the studied period we did not register major environmental modifications 
in the rivers we consider that it is ncccssary to follow the modifications of the oligo-
chaeta fauna during several years on a long term period, to find out all the factors which 
contribute to the modifications of the species composition and density of the oligochaeta. 
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T I S C 1 A m o n o g r a p h s c r i e s ( 2 0 0 2 ) . 6 . 71 K0 
MALACOFAUNISTICAL STUDY OF THE FLOOD-
PLAIN OF THE MURE$ RIVER IN THE ZAM REGION 
Domokos Tamás, Váncsa Klára, Sárkány-Kiss Andrei 
Abstract 
We have studied the malacofauna of the flood-plain of the Murc$ river in the Zam 
region, using samples taken along a 300 m long transcct on the left bank of the river. 
There were four characteristic biotopes along the transect: Salicetum albac-fragilis, 
mowed meadow, unmowed meadow and Salicetum cincrca. There were taken eight 
samples in each biotopc, using the quadratic method. Our purpose was to find out, if 
the four biotopes can be differentiated taking into consideration the malacofauna. In 
the same time, the migration of spccics along the transcct was also examined.We 
found that along the transcct two fluctuation zones can be differentiated: on the right 
side of the road, where the species disperse due to the river and to migration, and on 
the left side of the road, where the species dispersion arises from the nearby forest. 
The malacofauna indicates the microclimate of the different biotopes. We have 
represented graphically the quantitative distribution of species and ecological groups, 
as well as the diversity of the four biotopes. Based on these results, we have 
established the objectives of future investigations in the region. 
Keywords: Mure? River, floodplain, malacofaunistical transect. 
Introduction 
Our study is part of a research with the target of surveying of the Mure? River 
valley as an ecological corridor. In the course of the research we accomplished, 
besides the botanical and the entomological surveys, the malacofaunistical 
examination of the sampling places, taking into consideration that the malacofauna of 
a biotope indicates precisely the morphological and the climatic states of the area and 
gives information about the natural value of the surveyed area. 
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Sampling site and method of collection 
The survey was accomplished in the flood-plain of the Mure? river in the Zam 
region, on the verge of Salciva village, along a North-South transect perpendicular to 
the river, on its left bank. 
The transect encompasses four homogeneous, separated botanical areas with a 
peculiar microclimate : 
a) 50 meters wide grove wood, situated right on the bank, which is rich in plant 
spccics, it is a jungle-like domain, interwoven by lianas and less accessible. Its 
microclimate is humid, cool and vaporous. 
b), c) beyond the grove there arc cultivated lands, hayfields next to each other, on 
each side of the transect. On the right side there is the scythcd field, which had been 
scythed a little before our sampling took place, therefore it is a relatively dry, bare 
area, with hardly sprouting grasses. The field situated on the left had not yet been 
scythcd in the year of our sampling, so it is covered by a vegetation made up of high-
grown, aged, grassland gramineae. Its microclimate is cooler, more humid than that of 
the grassland, becausc it is a closed domain. 
d) the fourth biotope is situated further along the transect, beyond the road which 
connects the villages Salciva and Pojoga. The furze-field is a mixed botanical domain: 
different species can be found there, from the swamp species, through the spccies 
living in the mountains, to the common grassland species. Some time ago it was 
cultivated, but its cultivation was ceased and therefore it has become a domain with 
high grass, bushes and sedge. Its microclimate is humid, cool. 
The furze-field closes the transcct, but it is important to mention that beyond it 
there arc grasslands again and finally the flood-plain is closed by the mountain slope 
covered by forests made up of alder and beech trees. 
We took a total of 32 quadrates (25x25cm) of samples, 8 quadrates from each 
biotope. It is important to mention that the samplings took place at two different times: 
on the first occasion the weather was sunny, dry and warm, on the second one it was 
humid and moisty. Consequently, our results were not influenced by the weather. 
Because the four biotopes are botanically distinct, our target was to find out 
whether these differences can or cannot be reflected by the malacofauna. Along the 
transect we also studied the migration of the species through the flood-plain. 
Results 
The sketch of the flood-plain can be seen in figures 1 and 2. The found species 
have been ranked in ecological groups. The classification has been performed on the 
basis of Lozek's work (1964). Merging the 10 groups used by Lozek, we have 
distinguished 5 groups of species: forest species, steppe species, mczophyle species, 
higrophyle species and aquatic species. 
In figure 1 the found species are indicated by a continuous line under the biotope. 
A high number of forest species has been identified in the willow-grove on the 
bank and in the furze-field, but two species have been also found in the grasslands. 
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The forcst-spccics of the willow grove and those of the furzc-ficld arc completely 
different: in the willow-grove on the bank wc have found curibionte spccies, well 
adapted to the changcs of the environment: Bradybaena fruticum. Helix pomaiia. 
Perforatella vidua. These species have been found in the course of our research that 
encompassed the whole river-valley, in almost every sampling-point), whereas in the 
furze-field the found specics arc typically forest type, which live in areas with a 
humid, cool climate and a closcd vegetation (Cochlodina marisi, Euomphalia 
slrigella. Laciniaria plicata, Perforatella bidenlata, Ruthenica filograna). 
The steppe-specics can be found in the furze-field and in the grasslands in 
increased number. Cepea vindobonensis is an curibiontc species, similar to the above-
mentioned ones. The abundant prcscncc of the steppe specics in the furze-field 
indicates the openness of the domain. The prcscncc of Pupilla muscorum only in the 
hay-fields shows that these areas arc much drier than the furze-field. 
The mezophyle species can be found mainly in the willow-grove on the bank.We 
have found reference in the literature to the fact that in the forest the proportion of the 
mezophyle specics is greater than in open areas (Domokos). 
The higrophyle species are present in all of the studied biotopes, but they are the 
most numerous in the grove on the bank, bccausc this is right beside the water. Among 
the higrophyle species Succinea oblonga and Zenobiella rubiginosa are also species 
with a good adaptability, and have been found throughout the whole river valley. 
The sole aquatic species (Lyntnea stagnalis) was found in the furzc-ficld, but the 
sub-fossile character of the empty shell hints to the fact that it had been carried there 
by former floods. 
The band-diagrams in figure 2. illustrate the percentage of the species-groups in 
the four biotopes. It indicates that in the willow grove the forest specics, the 
mezophyle and the higrophyle specics arc present in a nearly equal proportion. The 
forcsl-specics demonstrate the presence of woody vegetation, the mezophyle species 
prove the closcncss of the vegetation, and the higrophyle spccies indicate the 
proximity of water and the humidity of the air. In the grasslands the steppe specics 
predominate, but the mezophyle, higrophyle and forcst-spccics arc also present, in a 
lower extent. This fact proves the migration of the specics. In the furze-field the 
proportion of the forest-species is similar to that of the steppe one, because the area is 
bushy, but it is characterised by open vegetation and the presence of the higrophyle 
spccies indicates the humidity of the area. 
To demonstrate the differences in diversity between the biotopes, we drew the 
spccics-number-log.abundancc graph (fig. 3.), where every biotope is indicated by a 
line. The steepness of the lines indicates the uniformity of the distribution, i.e. the 
steeper the line is, the greater is the difference between the numbers of the spccies 
within a biotope. 
The uniformity of the willow-grove and that of the furze-field arc similar and so is 
the steepness of the two lines of the grassland but in the cultivated lands there are less 
spccies and the steepness of the lines indicates the great difference in the number of 
the species. The diversity of the grassland is smaller than that of the more natural 
areas.The diversity of the hay-field is the smallest. 
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Mure$ floodplain 
The road between Sälciua and Pojoga 









Perforatclla vicina — 
Ruthenica filograna — 
Steppe sp. 
Ccpaca vindobonensis 
Granaría frumentum — 
HclioeUa obvia 
Monacha cartusiana — 
Pupilla rr.uscorum — 
Vallonia pulchella — 
Vertigo pygmaea 
Mezophyle sp. 










Fig. I . T h e 300 in long N-S o r i e n t e d i n a l a c o f a u n i s t i c a l t r a n s e c t on the M u r c $ / M a r o s n o n d p l a i n 
(07-12 .08 .2001) 
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Mure; floodplain 
The road between SáJciua and Pojoga 
Fig. 2. Band d i a g r a m s of t he l .ozek ' s species g r o u p s on the M u r e j / M a r o s f l oodp la in based on t h e t r a n s e c t 




Ct— mowed grassland 
-«— unmowed grassland 
O - furze-field 
Fig. 3. Spec ies n u m b e r - log a b u n d a n c e g r a p h . 
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Conclusions 
In the coursc of the data analysis we have come to the conclusion that there arc two 
fluctuation zones along the transect, on both sides of the road connecting the 
grasslands and the furze-field. Because the forcst-spccics of the willow-grove and 
those of the furze-field are different, the species found in the willow-grove must have 
been carried into this biotope by the river, by the way of hydrochor expansion. As we 
have already mentioned, these species have been found in many places along the 
whole river. The forest-species of the furze-field must have come from the 
neighbouring forest on the mountain slope. 
In the course of our research the hypothesis that the malacofauna clearly indicates 
the microclimate of the area has proven to be true, despite the fact that the specics' 
migration tends to merge the differences existing between the biotopes, because the 
species in exhibiting a pronounced ecological resistance arc present in most of the 
biotopes. 
Due to human activity, the diminution of the diversity of the malacofauna bccomcs 
manifest. The diversity of the willow-grove and that of the furze-field (which is no 
longer cultivated) are bigger than that of the hay-flelds. 
Further tasks 
Our results point to the necessity of further research and determine its line: 
- to examine in detail the fragmenting effect of the road; to take samples from the 
grasslands and the furze-field in those places that arc close to the road. By comparing 
these results with each other, we can get an answer to the questions concerning the 
effect of the road on migration. 
- to investigate in detail if the fluctuation present in some biotopes comes or not 
from the area that we suppose ; we should examine the alluvial deposits on the banks 
of the Mure? rive and we should expand the transect to the forest situated on the 
mountain slope. 
- to take samples from the right bank of the river along a similar transect and to 
compare the results with the above-mentioned ones; on this basis we could deduce the 
presence and cffccts of the hydrochor expansion and of the migration through the 
flood-plain. 
We owe thanks to dr. László Galle, the head of the Department of Ecology at the 
Szeged University, for his material support given to our field-activity and to dr. 
Katalin Margóczi for the botanical data. 
We thank to the Management of the Museums in County Békés for their support 
and for the bibliographical data. 
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ENDANGERED FRESHWATER MOLLUSC SPECIES 
FROM THE EASTERN TRIBUTARIES OF THE TISA 
RIVER (ROMANIAN TERRITORY) 
loan Sirbu ami Andrei Sdrkdny-Kiss 
Abstract 
Based on long-term research this paper aims to reveal the status of 10 highly 
endangered freshwater mollusc spccics from the eastern Tisa River Basin. In all cases 
the adverse human pressure (pollution, hydrotcchnical works and drastic reduction of 
wetlands) is responsible for the present-day status of this fauna, several species having 
a highly patchy distribution, some became rare or even extinct. Despite these facts 
some trends of recovery are also registered on the main rivers in Transylvania. 
Keywords: human impact, biodiversity, pollution ecology, malacology 
Introduction 
The freshwater molluscs arc relatively easy to be used in a biomonitoring system, 
because they respond in a short time, and a very specific manner, to the changes in the 
environmental conditions. This synthesis refers to the most endangered mollusc 
species from the eastern tributaries' hydrographical basins of the Tisa River 
(Romanian territory). Its aim is also to draw attention upon some spccics that need 
special protection in the near future. Because of the long history (almost two 
centuries) of malacological research in Transylvania, it is possible today to trace the 
changes regarding the mollusc fauna that have occurred both in time and spacc. We 
consider in this paper those species that were once wide spread (according to the 
references), but became, because of human pressure (mainly pollution, habitat 
degradation, hydrotcchnical works, desiccation of wetlands etc.) very rare (living in a 
very few habitats), surviving through small-sized, highly patchy, scattered 
populations. The fact that a species is rare (i.e. seldom quoted) is not an enough 
criteria to consider a species as endangered, because (as it happens with most clams, 
spring-snails and cave-snails from Romania) their rarity is sometimes linked to 
subjective causes (lack of information from the past, insufficient present-day research 
etc.). 
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The first more comprehensive list of autochthonous mollusc species was published 
in 1843 by Michael Bielz, and was followed by a catalogue published in 1851. Among 
the naturalists from the Transylvanian Society for Natural Sciences in Sibiu, which 
was founded in the middle of the past century, we highlight Albert E. Bielz, as one of 
the most remarkable malacologists of that time. He published the first monography 
regarding the malacofauna from this territory in 1862. Another great malacologist was 
Mauritius von Kimakowicz, from the same society in Sibiu, but he was focused 
mainly on terrestrial snails, and less on freshwater species, having in this respect only 
a few contributions (e.g. his paper published in 1885). Other contributions to the 
knowledge of the freshwater mollusc fauna from the tributaries of the Tisa River were 
provided by C.A. Westerlund (1886), S. Clessin (1887), C.F. Jikeli (1878), M. 
Rotarides (1930), L. Soos (1942) and by A.V. Grossu (1941, 1962, 1986, 1987, 1993). 
Most of these authors have quoted the species and the sampling points, as A.E. Bielz 
mentioned them, without verifying if the species still live in the specified habitats and 
places. The mollusc fauna from Banat is better known through the works of A.V. 
Grossu (1942, 1976 and others) and researches accomplished along the main rivers in 
the past years. 
Research background 
A. Sarkany-Kiss performed an intensive research activity on the Mure? River, 
beginning with 1969 in some areas, and later, in 1978 and 1989 he extended the 
investigations on the whole river. In the frame of several Romanian-Hungarian 
multidisciplinary projects, organised by Liga Pro Europa, Targu Mure? and Tisza 
Klub, Szolnok with the participation from different universities and institutes of both 
countries, further investigations of the freshwater mollusc fauna were made, as it 
follows: 1991 Mure?, 1992 Some?, 1993 Mure? - the middle part and Tarnava Mica, 
1994 Cri?ul Alb and Cri?ul Negru, 1995 - Cri?ul Repede, Barcau and Tisa, 1996 -
Some? and Lapu? Rivers. Both authors of this paper have worked together in the 
Some?, Olt and Mure? rivers basins (1996 - 2000), and separately in the rivers from 
Maramure? (1999 - 2001), namely Iza, Mara, Vi?eu and Vaser rivers. They 
investigated also the wetlands from the Transylvanian Plain, during another research 
project. I. Sirbu has completed the knowledge regarding the freshwater molluscs by 
several field-investigations in Banat. In 1998 the Nera, Cara? and Danube rivers were 
researched, followed in 2000 by Bega, Timi? and Cerna rivers and other wetlands 
from this region, in 2002 (together with Monica Sirbu) the Danube sector from Banat, 
once again Cerna, Timi? and Bega Rivers, and also the lowland sectors of the Cri? 
rivers. Besides, after 1996 I. Sirbu gathered data on the specified group from glacial 
lakes (Retezat, Fagara? and Rodnei Mountains), from different other wetlands and 
rivers (like the Ier River, wetlands in the Cri? Rivers Basin, Raul Negru, tributaries 
from the Olt and Mure? rivers basin, and others). In this paper we consider also some 
rivers that do not flow into the Tisa, like the Olt River and some rivers from the 
southern Banat, in order to obtain a sounder image of the present-day status of the 
endangered species. Besides this, some rivers, like Bega and Timi?, which were 
72 
originally ascribed to different basins, are connected through channels, leading to the 
possibility of fauna exchange. 
The sampling points have been selected in order to cover the whole area, to find 
and evaluate the effects of the human impact sources, and to identify the zones that 
still shelter a high diversity or some rare species. The adverse human impact was 
followed both in space and time, the latter by comparing the present-day diversity and 
chorology with all the available data from references. 
Results and discussion 
In the area that could be ascribed to Transylvania, the Cri? Rivers basin (Cri?ana), 
Maramure? and Banat 74 species of freshwater molluscs have been found until now 
(according to I. Sirbu 2001; 51 species of gastropods and 23 of bivalves), and for the 
first time dispersal maps have been plotted for these areas, namely for the Unionidae 
(A. Sárkány-Kiss and I. Sirbu, 2001), for clams and prosobranchs (I. Sirbu, unpubl. 
data). The present-day status of the freshwater mollusc fauna proves the great habitat 
changes of the last decades, mainly caused by pollution of large river sectors, by 
hydrotechnical works and the drastic reduction of wetland areas. 
Among gastropods, the prosobranch snails group the most exacting species of this 
Class. The genus Theodoxus comprised 3 species in the Romanian Eastern tributaries 
of the Tisa River, namely: Theodoxus transversalis C. Pfeiffer, 1828, T. danubialis C. 
Pfeiffer, 1828 and T. prevostianus C. Pfeiffer, 1828. All these are exacting, 
rheophylous, mostly lithophyllous elements, with high oxygen demands. Some authors 
are quoting also T. fluviatilis Linnaeus, 1758 but in the Tisa River basin from 
Romanian territory this species was not ever found, and it is a matter of future to 
establish its status on the Hungarian territory. Although it was several times quoted by 
different authors (in Tisa, Cri? Rivers, Mure? River), it is almost surely mistaken with 
other congeners, at least in the last two cases. T. transversalis had in the past the most 
extensive range in the Tisa Basin among the species belonging to this genus. E. A. 
Bielz (1867) quoted it in several localities from the Mure? and Some? Rivers and their 
tributaries and also from the Olt River (mostly in the middle sectors of these rivers). L. 
Soós (1943), K. Bába (1958), A. Grossu (1974, 1966) still found this species in several 
localities from the specified area in the middle of the XXth century. The investigations 
accomplished in the past 20 years have shown the disappearance of this species from 
the whole length of the Olt, Mure? and Some? rivers, their tributaries, and from all 
quoted localities in Transylvania. Besides, it was not found in the Cri? Rivers basin 
and in Maramure? region, being a matter of question if it still lives in the southern 
Banat, in the Danube and some of its tributaries that did not belong to the Tisa Basin. 
Theodoxus prevostianus is a termophylous relict species with a highly patchy 
distribution in Central and Eastern Europe. In the Danube basin it lives in some 
scattered sites, like Bad Voslau and Bad Fischau (Austria), several places in Hungary 
(Soós, 1943; Richnovsyki and Pintér, 1979), and one certain place in Romania, at 
Rábágani (Bihor county; Cri?ul Negru River Basin). In the last place it still lives only 
in a short sector of a rivulet, with mesothermal water. This rivulet is used by the 
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inhabitants as cleaning source for the laundry and carpets and the source is also 
captured in a swimming pool, all these making it a highly endangered habitat. It is also 
to be noticed that T. prevostianus appears together with a melanic form of Esperiana 
acicularis (Ferussac, 1823) syn. Fagotia (Microcolpia) daudebartii acicularis (as it 
happens in Austria as well), and some other more exacting species. The latter species 
appears here in the single point from the Romanian Cri§ Rivers basin. Some papers 
pointed out the presence of T. prevostianus also in other sites from Romania, like the 
flowing mouths of the Danube branches in the Black Sea, some few places in the 
Danube Delta, and another very important site, namely the Petea lake (Baile 
Episcope§ti, hun. Piispokfiirdo). The material 1. Sirbu has verified in the collections of 
"Grigore Antipa" Natural History Museum proved that the individuals sampled from 
the Danube Delta and ascribed to T. prevostianus are most likely melanian forms of T. 
danubialis. In the last case, several papers written by different authors ascribed the 
neritids found in Petea Lake some to T. prevostianus, to T. transversalis, T. danubialis 
or - even - to some other species. In fact the species died out in this water a long time 
ago, it appears only as subfossil shells, that can be ascribed to T. danubialis, as it was 
correctly done by M. Pauca (1936) and later by A. Grossu (1986, as the form 
serratilinea). L. Soos raised another problem, by quoting T. prevostianus from the 
Secu rivulet, in the Calimani Mountains (one individual sampled by E. Gyula), 
although he recognised the possibility of an error. The authors of this paper have 
searched two times, independently, the cited region without finding the species. All 
this information draws to the conclusion that Rabagani is the single point in Romania 
where T. prevostianus surely still lives, and because of the misusing of the water 
source, it should be included in the Red List as a highly endangered species. T. 
danubialis was not ever found in the Transylvanian tributaries or in the Romanian Cri§ 
Rivers Basin. It lived in northern Banat, in Bega channel near Timi$oara (A. Grossu, 
1941) but is in present probably extinct in the Tisa tributaries from this region (I. 
Sirbu, unpubl. data). It still lives in the southern part of Banat, in the rivers that flow 
into the Danube (Nera, Cara§), and is absent from the Timi§ and Barzava rivers (I. 
Sirbu and Monica Sirbu, 1998). The problematic status of T. fluviatilis in the Tisa area 
has to be solved in the future. 
Regarding the Petea thermal lake (near the town of Oradea) another problem has to 
be raised. In this water lives an endemism, namely Melanopsis parreyssi Philippi, 
1847. Originally this pliocenic relict survived only in this place, but it was artificially 
carried in several other places and countries (like Hungary and Germany). In Petea 
Lake there still lives an endemic fish subspecies and a variety of Nymphaea lotus (var. 
termalis). This site should be, and legally or formally it surely is, strictly protected. As 
it was revealed in a field trip, that is not the case (I. Sirbu, 2001). For instance, the 
guardian is either not present or too tolerant with the intruders, inhabitants are using 
the water in different purposes, scientists from the whole Europe sample material, too 
many researches and researchers working in the lake, too much interest etc. Because it 
was obvious that alien plants brought by aquarists are in full expansion, non-
governmental organisations carried out cleaning actions by cutting and uproot the 
invasive species using large amounts of volunteers, that disturb the habitat. These 
74 
sites, and species, are endangered because of too much "scientific" interest and lack of 
sound legal protection. 
Another endangered prosobranch gastropod is Valvata cristata O.F. Müller, 1774. 
The authors of the present paper checked out all the Transylvanian quoted sampling 
points from the past. E.A. Bielz (1867) found the species in several sites from Bra?ov, 
Sibiu and Mure? counties (middle Olt River Basin and Tärnava Basin), L. Soös (1943) 
quoted the species from the middle Some? Basin (Cluj-Napoca county), Mure? River 
Basin (Alba county), A. V. Grossu (1974) sampled it from several lakes and ponds 
from northern Banat. In the past 20 years this species was not ever found in 
Transylvania, and the presence in Banat is doubtful. 
Shrinking habitats, reduced ranges and patchy distribution are common patterns 
also for other prosobranch snails. It is hard to say if the threat is greater in stagnant 
ecosystems than in lotic environment. The most obvious examples in the former 
category are Viviparus contectus Millet, 1813, Valvata pulchella Studer, 1820, Valvata 
naticina Menke, 1845, Bithynia leachi Sheppard, 1823 and in the latter is Lithoglyphus 
naticoides C. Pfeiffer, 1828. The last species has almost totally disappeared from 
Transylvania, but it still lives in high numbers in Cri? Rivers, Bega, Timi?, and the 
southern rivers from Banat and in the Danube. 
Habitats' destruction affects also some more exacting basommatophoran 
pulmonates in the same way. Anisus rotundatus Poiret, 1801 was quoted once in 
Transylvania, near Bra?ov (E. A. Bielz collection XlXth century, in "Grigore Antipa" 
Natural History Museum in Bucharest) and found in very few sites in Banat, in 
swamps near Timi?oara town (A.V. Grossu, 1941) and in the Danube valley. It was 
not recovered again. Anisus vorticulus Troschel, 1852 was quoted near Timi?oara 
(A.V. Grossu, 1941), in southern Banat (1972, 1974), and it still lives in some small-
sized, scattered wetlands from the middle Olt River Basin (I. Sirbu et al., 1999), and 
near the Ier River at Radule?ti (Cri? Rivers Basin; I. Sirbu, 2001). Bathyomphalus 
contortus Linnaeus, 1758 was once widely spread in ponds and other stagnant 
wetlands, with rich vegetation, in the middle basins of the Olt and Mure? rivers (E. A. 
Bielz, 1867, M. Kimakowicz, 1883). As it happened in other cases further papers have 
quoted this old records without verifying if the species still lives in that sites. In 
Transylvania there are only a very few sure records from the XXth century, namely at 
Rästolita (Mure? River Basin), a single individual sampled once in a pond with 
vegetation (A. Särkäny-Kiss, 1989), and two sites (a marsh and a dead branch) in the 
middle Olt River Basin (I. Sirbu et al., 1999). The same pattern is valid also for 
Armiger crista (Linnaeus, 1758). Often sampled in the XlXth century, it became very 
rare in the past decades in Transylvania. In the last years it was quoted once at 
Ungheni in some ponds that were soon after desiccated (A. Särkäny-Kiss, 1989). It 
still lives in two wetlands in the Cibin River Basin (tributary of the Olt River) in Sibiu 
and §elimbär (I. Sirbu and A. Curtean-Bänäduc, 2002). It was quoted in Banat, near 
Timi?oara (Bega River), in Aranca River, several ponds in northern Banat, and Cri? 
Rivers Basin (A.V. Grossu, 1941; L. So6s, 1943). 
The most often encountered mollusc association in the Transylvanian reaches of 
the major rivers, is formed today by some few highly eurybiotic basommatophoran 
snails. The prosobranchs usually inhabit stable and larger habitats, being far less 
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tolerant to environmental fluctuations than the basommatophoran pulmonate 
gastropods. The species from the last group tend to have a worldwide distribution and 
to be ubiquitous, a lot of them being highly eurybiotic species inhabiting a broad range 
of habitats (R. MacMahon, 1983). When the life conditions are going down there is a 
switch from prosobranch-basommatophoran communities to pulmonate eurybiotic 
species domination. 
The bivalves (naiads and clams) show different patterns as answers to degraded 
and/or polluted environment. The Unionidae need more stable and larger habitats with 
a certain quality of the abiotic factors, while the pisiids tend to group more tolerant, 
some even ubiquitous and eurybiotic, species, capable to inhabit all kind of habitats, 
from glacial lakes and springs to lowland temporary pools or - on the other side - great 
deltas and estuaries. The apparent rarity of some clams in the area of reference is 
mostly idle. Almost all species that were rarely found in the past are considered today 
much more frequent than it was assumed, because of better coverage of the field 
investigations and better research plans. Most old references concerning the Unionidae 
from the eastern tributaries of the Tisa River are out of date, because long sectors of 
all rivers were exposed to a severe human impact. The Unionidae and some freshwater 
prosobranch gastropods are more sensitive to pollution than most other systematic 
groups inhabiting the middle and lower rivers' sectors. When the mussels disappear, it 
means a serious damage of the self-supporting and self-cleaning capacities of the 
rivers and the debasement of life-condition and community fitness. A synthesis 
regarding the Unionidae from the Transylvanian tributaries of the Tisa River was 
published by A. Sárkány-Kiss (1997) and the first UTM distribution maps, 
highlighting the past and present-day distribution of these species were plotted last 
year (A. Sárkány-Kiss and I. Sirbu, 2001). It was pointed out that in all cases, the 
communities were forced to reduce their range and richness. Anyhow, in the past 10 
years a trend of recovery was also noticed. 
The temporal and spatial molluscs communities' dynamics from the Mure? River 
can be used as a case study. Until the 80's some Unionidae populated the whole river 
length (except the source region and one short hydro-geo-chemical barrier in the 
Gheorgheni Depression). In the upper river's basin Unio crassus Philipsson, 1788 and 
Anodonta anatina Linnaeus, 1758 were the dominant benthic species. In the middle 
and lower course there prevailed Unio pictorum Linnaeus, 1758, Unio tumidus 
Philipsson, 1788, Anodonta cygnaea Linnaeus, 1758 and - in a lesser extent -
Pseudanodonta complanara Rossmássler, 1835. During the expedition in 1991 not a 
single individual was found downstream the point where the Tárnava River flows into 
the Mure?. The heavy metals originated from Cop§a Mica and discharged by this 
tributary represented the limiting factor that made the environment unsuitable for this 
species and a lot of other systematic groups. This caused the extinction of 
Pseudanodonta complanata, species that inhabited the river's middle and lower 
course. Downstream the conflucnce there were registered high concentrations of Cd (2 
mg/1), Zn (147 mg/1), Pb (30 mg/1), Cr (75 mg/1) in the water and also high contents in 
sediments (Waijandt, 1995). This point was also the threshold for several other 
mollusc species mainly prosobranch gastropods. In the same period the debasement of 
Unionidae communities was also registered downstream the town of Tg. Mure§ to the 
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conflucncc with Tárnava River, mainly because of wastewater discharges. The 
absence of Unionidac was considered a major proof of human impact on the river's 
ecological state. In the years 1999 and 2000 the authors have found a new spatial 
dynamics of the Unionidac species. In the upper course U. crassus is still present with 
low densities, and - downstream Tg. Mure?, several other species like A. cygnaea, A. 
anatina and U. pictorum. These Unionidac have today a patchy distribution, in a 
spatial aggregate dispersal, both because of the availability of specific habitats and of 
the pollution and ballast excavations. In 2000 there were found Unionidac downstream 
the point where the Tárnava River flows into Mure?. At Sántimbru and Vintu dc Jos, 
some few scattered individuals of Unio pictorum and Anodonta cygnaea have been 
found near the river-banks, proving a significant increase in both water and sediment 
quality. In the river's lower course one single individual of A. cygnaea was sampled 
near the town of Arad (leg. Doru Bánáduc), and it is highly probable that in the future 
the populations will regain some of their past range if the conditions are going to 
improve further. 
Regarding the Unionidac communities, however, shrinking ranges and patchy 
distributions arc still the most characteristic trends. The most threatened species is 
Pseudanodonta complanata, which has disappeared from the main part of the 
investigated area. It was quoted by E.A. Bielz (1853) in dead-branchcs in the Tumu-
Ro?u Gorges (Olt River) that have disappeared in time. It is considered extinct in 
Transylvania (in both Some? and Mure? basins), it is still present in the Cri? Rivers 
Basin (A. Sárkány-Kiss ct al., 1997), in the Tur River at the dam lake from Caline?ti-
Oa? (A. Sárkány-Kiss and I. Sirbu, 1998), and in some rivers of the northern Banat, 
some belonging to the Tisa River Basin and some tributaries of the Danube (A. 
Grossu, 1941; P. Bánárcscu and I. Sirbu, 2002). Among the clams, the single seriously 
endangered species is Sphaerium riviculum (Lamarck, 1818). It is not known from the 
Some? and Olt rivers basins, and is extinct in the Mure? River (last quoted at Gáláuta?, 
Subcctate; A. Sárkány-Kiss, 1989). In the Cri? rivers basin it is still present in some 
few, scattered arcas (A. Sárkány-Kiss ct al., 1997) and the same is valid for Banat (I. 
Sirbu, unpubl. data). 
Conclusions 
The poor mollusc fauna, indicating degraded environmental quality, was registered 
in the riverbeds of some sectors of the main rivers from Transylvania (especially in the 
upper course of the Olt River, the middle and lower courses of the Mure? and Some? 
rivers). The best ecological state was encountered in Banat, and also in the springs, 
rivulets and glacial lakes from the Carpathian Mountains. Despite the human impact, 
some scattered, small-sized wetlands have preserved their natural status, sheltering 
remnant mollusc communities that should be protected and that can serve in the future 
as natural sources for rcpopulation. 
The present-day status of the freshwater mollusc fauna proves the great changes 
that have occurred in the past time, regarding the specific habitats and the quality of 
the freshwaters, in comparison with the situation registered by the malacologists from 
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the XlXth and the middle of the XXth Century. It is definite that the pollution and the 
hydrotcchnical works, during the last 40 years, determine these changes. The aquatic 
molluscs have responded to environmental changcs in several forms. Many species 
have a patchy distribution; some bccamc rare or have disappeared from the main part 
of their former range. In these areas, the main trend is the prevailing of some 
curybiotic basommatophoran pulmonatcs in correlation with the debasement of most 
prosobranch snails and of the Unionidac assemblages. However, in the past 10 years 
we have encountered a trend of recovery, bccausc of pollution reduction. 
Some species, namely Theodoxus transversalis C. Pfciffcr, 1828, T. prevostianus 
C. Pfciffcr, 1828, Valvata cristata O.F. Miiller. 1774, Melanopsis parreyssi Philippi, 
1847. Anisus rotundaius Poiret, 1801, A. vorticulus Troschel, 1852, Bathyomphalus 
conforms Linnaeus, 1758, Armiger crista (Linnaeus, 1758), Pseudanodonla 
complanata Rossmassler, 1835 and Sphaerium riviculum (Lamarck, 1818), arc highly 
endangered, and need special attention and protection in the future. 
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COMMUNITIES' STRUCTURE AND HEAVY METALS 
CONTENT OF THE UNIONIDAE (MOLLUSCA, 
BIVALVIA) FROM THE DANUBE DELTA BIOSPHERE 
RESERVE 
Andrei Sârkâny-Kiss, Nicolae Mihâilescu. loan Sirbu 
Abstract 
This paper presents the Unionidae assemblages from some areas of the Danube 
Delta Biosphere Reserve. Among the 6 spccics of naiads, the most abundant is 
Anodonla cygnaea L. 1758, and the most rare is Unio crassus Philipsson, 1758. The 
adventive species Anodonla woodiana Lea, 1834 is in full process of expansion, being 
a potential danger for the autochthonous species. The contents of some heavy metals 
in water, sediments and bivalves (both in soft body and shells) are analysed. Although 
the mostly researched areas from the DDBR are in pristine ecological conditions, the 
hydrotechnical works and pollution represent serious dangers for the future. In many 
cases the most hazardous metals are above safety limits for these organisms. 
Keywords: Danube Delta. Unionidae, heavy metals, communities 
Introduction 
The Unionidae from the Danube Delta Biosphere Reserve arc represented by 6 
species, among them 5 are native (namely Unio pictortim L. 1758, U. lumidus 
Philipsson, 1788, U. crassus Philipsson, 1788, Anodonla cygnaea L. 1758 and 
Pseudanodonta complánala Rossmassler, 1835) and one (Anodonla woodiana Lea, 
1834) is advcntivc. Once, another unionacean spccics was considered to be present in 
the DDBR and other areas of the Danube, namely Colletopterum lelourneuxi 
Bourguignat 1881 (according to Grossu, 1962, p. 185, Fig. 94), but the authors of this 
paper agreed that it is an artificial species, being only a morph of A. cygnaea. Even 
Grossu reconsidered his position, e.g. he did not include this taxon in the catalogue of 
the molluscs from Romania published in 1993. 
The naiads are excellent bioindicators of environmental state and quality, both 
defined by their populations and assemblages' parameters and by the capacity of 
bioaccumulation, especially of different xcnobiotics. Unionaceans are associated with 
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pristine conditions, i.e. unpolluted water, natural-like habitats, being thus a negative 
index of pollution. Among all bivalves these are the most affcctcd ones by 
anthropogenic alteration of the waterways (Burky. 1986). Although the most part of 
the Danube Delta Biosphere Reserve shelters habitats in good condition, some parts 
were disturbed because of hydrotechnical works. Channelization straightens and 
deepens winding waterways, until they become virtual canals. This process is always 
correlated with density-decrcascd populations, dispersal alteration, and high mortality 
rates of juvenile stages. Damming, on the other hand, is associated with parasitism, 
alteration of oxygen and temperature regimes and siltation. 
Heavy metals arc among the most dangerous xcnobiotics, being responsible in a 
high degree for the disappcarancc of unionaceans from some rivers rcachcs. The most 
toxic elements arc, in descending order: Zn, Cu, Hg and Ag (Fuller, 1974). I. Sirbu ct 
al. (unpublished data) exposed individuals of U crassus to 1 ppm Cu, Ag, Pb, Ni, and 
Hg. It was pointed out that the respiration rate was reduced to less than 1/10 in the 
case of Cu and Ag, to 1/3 in the case of Hg, 1/2 in the case of Pb and Ni. compared 
with the control sample. It was also shown that the regression between oxygen uptake 
and Log (weight) was altered; especially in the samples exposed to Cu and Ag the 
highest rates of inhibition were recorded both in juvenile and old stages of life. Higher 
concentrations lead to the disappearance of unionids, as it happened on long reaches of 
the Some?, Lapu§, Tur, Mure? and Barzava rivers. 
This study aims to highlight some characteristics of unionaccan communities' 
structure and of their heavy metals contents in shells and soft body parts, both from 
the Danube River and Delta. 
Research methods 
The Danube Delta Biosphere Reserve was intensely studied during a project of 
biodiversity inventory (1991-1999). During the field trips the freshwater molluscs 
were studied mainly in the strictly protected areas, but also in the buffer zones and 
surroundings. Unionids were sampled both manually and with dredges. Individuals 
were sampled from the Danube River and Delta, in order to analyse their heavy metals 
content. 
Results and discussion 
As it is shown in Tab. 1, the most abundant species in the DDBR is Anodonla 
cygnaea, followed by Unio pictorum and - in less extent - by Unio tumidus. This 
pattern is common among lowland wetlands. Unio crassus is a rare species in DDBR, 
being constrained by the lack of specific habitats. It is also the single unionaccan 
species included in the official Red List of the reserve (Sirbu and Sarkany-Kiss, 2000, 
p. 80-81) . 
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T a b . 1. T h e s t r u c t u r e of the L 'n ioo idac c o m m u n i t i e s f r o m d i f f e r e n t lakes a n d c h a n n e l s of the DDIiR 
00 '-o 
Unio Unio Unio Pseudanodonta Anodonta Anodonta Union idae Unionidae Unionidae Recently dead 
crassus piciorum titmidus complanata cygnaea woodiana No.ind./m" less than 4-5 less than 1 individuals -
% % % % % years - % vear - % % 
Lake Merhet 1,72 1.72 96.55 1 40.00 
Lake Puiu 10,00 + 90.00 2.5 
Lake Isacova 16.66 83.33 3.5 
Lake Ro$u 14,81 24,69 1.23 59.25 15 5.00 
Lake Mati(a 34.71 1.88 43.39 2.5 1.88 30.00 
Lake Tätaru 60.71 3.57 35,71 2.8 30.00 
Lake Lungu 72.22 27,78 3.6 
Lake Uzlina 55.31 17.02 27,65 7 2.00 
I.ake Fortuna 30.58 48,23 1,17 20.00 8.5 4.70 
Lake Razelm 40.00 20.00 60.00 + f 60 45 
Lake Golovita + + + *) + + 
Lake Zmeica + + + + o + + 
Lake Sinoie + + + n + + 
Lake Ro$ca 66,67 33.33 •} 33,33 33.33 33,33 
Lake Belcitig 13.04 4.36 82.60 7 + 
Lake Rotundu 20.00 80.00 0 20.00 
Lake Babina + + •f 
Lake Lumina + 
Lake Nebunu + + + + 
Lake Sacaltn + + + + + 
Channel Dunaväj 20,83 25.00 8.33 45.83 12 20.00 + 
Channel Lopatna 20.00 60.00 20,00 11 25,00 + 
Channel Tätaru + + + 
Ch. Caraorman + + + 
Branch Chilia 33.33 66.66 0 50.00 + 
The most endangered species among native naiads seems to be Pseudanodonta 
complanala, which encounters low abundance in several areas, but it is widely spread 
inside the reserve. This spccics is endangered in most part of the country because of 
habitat destruction and pollution, while in the DDBR it is still currently sampled. 
Anyhow, siltation and xcnobiotics are serious dangers for this exacting species, even 
in this reserve. 
The adventivc spccics Anodonta woodiana, first sampled 5 years ago, is in full 
process of expansion. In 1996 the spccics was recorded in the Balta Marc a Brailei (a 
sector near the town of Braila). and in the same year several empty shells from the 
Danube Delta were sampled (Marius Skolka pcrs. comm.). The first record of living 
individuals belonging to A. woodiana, was done in 1998 by Orieta Hulea, who had 
found the species in several pools and channels from the DDBR. namely in the Babina 
Lake, C'ardon Lake south of Popina, and also in the areas of Ncbunu, Alb, Mc§ter and 
Purcclu lakes. It is remarkable to find this species in the same year in several zones, 
considering the fact that the Danube Delta has been intensely researched, especially in 
the last 10 years. In 1999, I. Sirbu had found one single dead individual in Melcaua 
Sacalin, south of the point where the Sfantu Ghcorghc branch of the Danube Hows 
into the Black Sea. In the shallow water of this place, the most dominant species is 
Anodonta cygnaea, followed by Unio pictorum. It is highly likely that A. woodiana 
will develop in the future a large and abundant population in the DDBR, as it docs in 
other places soon after its appearance (Sarkany-Kiss, Sirbu, Hulea, 2000). 
Anyhow, sediments and alluvial accumulation, perturbation of watcrflow and 
pollution arc serious threats, fact that is proved by the small proportions of young 
mussels in most of the researched areas and by high values of recently dead 
individuals (see Tab. 1). 
Regarding heavy metals and other elements content, the highest values are 
registered in the soft bodies for Ba, followed in descending order by Cu, Ni, Cr, Th, 
Co. Pb and Zn. In the shells the contents dcscend in the following order: Sr - Zn - Pb -
Ni - Ba - Co - Cu - Cd. Analysing the rate between the contents in the soft body and 
shells, values higher than 1 are registered for Cu. having the maximums 33,35 in U. 
pictorum, 7 in U. tumidus and 6 in A. cygnaea. and also for Ba and Cr. In contrast, 
there are no significant values in the soft body for Zn and Pb. although the sediments 
are in some cases heavily loaded. Regarding the rate between the contents in the soft 
body and the upper layer of sediments, the highest values arc registered in U. pictorum 
(51,15), and in a less extent in A. cygnaea (especially Cr, Co and Ni). U. tumidus 
seems to accumulate in the body less than the other analysed species. Regarding the 
ratio between shell contents and the upper thin layer of sediments, the highest values 
arc shown by A. cygnaea (Co, Pb, Sr). P. complanala seems to accumulate especially 
Sr, Co, Pb, Zn, U. tumidus Sr and Co, U. pictorum Sr and Zn. It is obvious that in the 
same conditions different species tend to accumulate in different rates the existing 
heavy metals. Analysing the most hazardous metals for this species (Tables 2 - 5 ; Fig. 
I - 6), several patterns could be described. In all species the content of Cu in the soft 
bodies is higher than in shells. The contents in sediments and soft bodies arc directly 
correlated up to a point, thereafter the rate is reversed. 
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T a b l e 2. Heavy n tc la l s c o n t e n t s in the w a t e r of the D a n u b e Delta a n d D a n u b e R ive r ( p p m ) . 
Sampling 
Site 
Layer Cu Pb Zn Ni V Cr Co Sr Cd Fe As Mo 
Ro}u Lake Top • • * 2.40 .43 * • 217 .17 27 * .95 
Botlom * • • * .20 • .23 207 .06 17 i • 
Mati|a Lake Top * * * .85 1 * • 228 .11 19 * 1.65 
Bortom 6 20 * 1.19 .52 1 .60 227 .05 101 1.4 .38 
Merhei Lake Bottom + • * 2 1 * * 232 .06 6 1.4 1 
Fortuna 
Lake 
Top 2 760 + 2 .46 • * 200 .08 22 • .08 
Bottom 2 5.30 * • .71 • * 200 .10 14 1.2 1.6 
Mejteru 
Lake 
Top * 45 * .42 .99 • * 222 .18 23 * 1.5 
Bottom 1 * * .70 .92 .03 .42 196 2 161 * * 
Danube km 
866 
Bottom * 0 # 3 2 .51 0 185 .02 6 0 2 
Danube km 
911 
Bottom 2.30 4 « 3 .86 1 .02 163 .03 104 .9 1.8 
Danube km 
950 
Top 2.10 1 * 2.90 .72 1.30 .73 164 0 66 1.2 .48 
Bottom 5.90 12 é 3 4 -v- .22 154 .09 147 1.2 1.3 
Danube km 
1044.6 
Top .71 0 * 1.75 .73 .42 .18 186 0 55 0 .88 
Botlom 6.05 .71 • 2 .66 .72 .03 161 .12 * 1.1 2.0 
oo L/l 
T a b i c 3. Heavy m e t a l s in t h e D a n u b e ' s Delta a n d River s e d i m e n t s ( p p m ) 
Sampling Sue layer Cu Pb Zn Ni V Ba Cr Co Sr Cd Type of sediment 
Ro$u l.ake A * 3 41 12 10 756 20 1 604 6 Medium silt 
Mati(a Lake A 10 10 19 19 48 - 46 5 - - Coarse silt 
B 7 9 15 15 48 - 47 6 - - Coarse sill 
Fortuna l ake A 50 22 83 47 118 104 15 Fine silt 
B 47 24 81 42 112 . 100 15 . . Fine sill 
Me$leru Lake A 180 24 149 37 100 1242 120 10 156 46 Coarse clav 
B 44 16.5 141 39 110 972 117 9 156 20 Very fine silt 
Danube km 866 A 897 67 0 98 118 960 168 21 144 22 Fine sill 
Danube km 950 A 72 48 91 69 101 900 159 17 150 26 Medium silt 
B 36 46 103 39 130 1072 157 20 149 20 Medium silt 
Danube km 1040 A 13 17 46 46 43 . 89 8 . - Coarse sand 
Danube km 1044.6 A 1090 30 24 26 100 794 63 13 116 21 Medium silt 
B 1900 27 0 19 75 721 40 17 108 25 Medium silt 
Notes on used codes: * = below detection limit; - = no data available: in the column of "layer" code A means the upper thin layer, and R codifies the lower 
thick layer. 
T a b l e 4. H e a v y m e t a l s c o n t e n t in the sof t bodies of the U n i o n i d a c (in p p m ) 
Sampling point Species Cu I'b Zn Ni V Ba Zr Cr Co 111 
Ro§u Lake Anodonta cygnaea 135.2 0 0 18 0 1296.3 .226 28.3 1.13 0 
Mcrliei Lake Anodonla cyanaea 0 0 0 15 0 (,(M 0 34 1 0 
Fortuna Lake Anodonta cvgnaea 41 0 0 17 0 1583 1 32 2 0 
Mejteru Lake Unio pictorum 0 0 0 28 0 2316 .75 33 3 0 
Danube km 866 Unio tumidus 0 2 0 25 0 3059 0 40 2 80 
Danube km 911 Unio tumidus 1346 2 0 24 0 1864 1 50 4 14 
Danube km 950 Unio pictorum 1205 4 0 29 2 2656 2 47 6 49 
Danube km 1030 Anodonta cyanaea 47 0 0 12 0 1597 0 29 1 37 
Unio tumidus 162 79 563 43 0 5736 0 7.6 6 176 
Danube km 1040 Unio pictorum 665 11 0 29 0 2017 1 62 3 33 
Danube km 1044.6 Unio pictorum 147 8 0 23 0 2041 0 31 3 50 
Tabic 5. Heavy me ta l s c o n t e n t in musse l shel l s ( p p m ) . 
Sampling point Species Cu Pb 7xi Ni V Ba Zr Cr Co s, Cd 
Ro$u Lake Anodnnta cvunaea 24 51 77 63 3 50 0 21 36 1000 9 
Mc}teru Lake Pseudanodonta 
complanara 
31 67 367 67 0 20 30 23 38 800 10 
Anodonla cn-naea 28 63 97 75 5 120 0 24 38 1200 10 
Unió piclorum 28 70 784 76 5 80 0 22 36 900 10 
Danube km 866 Unió tumidus 30 60 108 71 7 75 0 26 33 500 8 
Danube km 1030 Unió tumidus 21 67 92 71 5 25 0 21 32 450 10 
Anodonla c\x"aea 22 56 86 69 5 25 0 23 33 250 9 
Danube km 1040 Unió piclorum 20 70 99 68 0 40 0 23 35 700 10 
Danube km 1044.6 Unió piclorum 27 77 82 70 3 20 0 21 40 450 8 
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Fig. I . Con ten t of Cu and /.n in the soft bodies and in shells of Anodanta cygnaea and in (he u p p e r thin 
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Fig. 2. Con ten t of № and C r in the soft body and in shells of A n o d o n t a tynnaea and in the u p p e r th in 
layer of the sed imen t s in Ro$u and F o r t u n a Lakes and in the D a n u b e km 1030 and km 1044.6. 
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Fig. 3. Con ten ! of Cu and Zn in the soft bodies and shells of linio piciorum, and in the u p p e r th in layer of 
the sed iments in Me$teru l . ake and in the D a n u b e River km 950, km 1040 and km 1044.6. 
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Fig. 4. Con ten t of Ni and C r in the soft bodies and in shells of Unio piciorum and in the u p p e r th in layer 
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Fig. 5. C o n i c n l of Cu and Zn in the safe bodies and Ihe shells of llnio lumidus and in ihe u p p e r Ihin l aye r 
of Ihe sed iments f rom the D a n u b e River . km 866. km 911 and km 10311 
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Fig. 6. Con ten t of Ni and C r in the soft bodies and shells of Unio lumidus and in the u p p e r th in layer of 
Ihe sed iments in the Danube Kiver. km 866. km 950 and km 1030 
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The same content in sediment is linked to higher values in the soft bodies in U. 
pictorum, less than U. tumidus, followed by A. cygnaea, while the contcnt in shells arc 
about the same. In the shells the content of Zn is higher than in sediments, and about 
in the same scale interval for all of the analysed species. With rare exceptions, the 
content of Cr in soft bodies is higher than in shells. In the same condition of 
sediments, the highest accumulation rate is showed by U. pictorum, followed by A. 
cygnaea and U. tumidus. In many eases the contents of the most hazardous metals are 
above the safety limits for these organisms, proving that heavy metals arc a serious 
danger for the future, both for naiads and their environment. 
Conclusions 
Although most areas of the Danube Delta Biosphere Reserve arc in a good 
ccological condition, the age structure, the ratio of recently died individuals and the 
rarity of some unionaccan species prove a certain degradation of the habitats. High 
values of heavy metals both in shells and soft bodies of these bivalves arc also threat 
indices. Pollution and habitats degradation, although still not obvious, arc among the 
future dangers that could affcct the communities of this reserve. 
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USING BIVALVES IN AN ALTERNATIVE TESTING 
METHOD OF FRESHWATER POLLUTION WITH 
HEAVY METALS 
Sárkány-Kiss Andrei and Braun Mihály 
Abstract 
In order to test an alternative method on freshwater pollution with heavy metals, 
individuals of Unio crassus were exposed in cagcs in polluted reaches of the Some? 
River. Their time-related bioaccumulation was registered and compared with control 
samples. 
Keywords: biomonitoring, bioaccumulation, pollution ecology 
Introduction 
The heavy metal content of the natural waters and of the sediments reflects the 
gcochcmical particularities of the examined place; their quantities usually do not 
cxceed the tolerable values for the organisms. Due to human influences, the 
concentration of heavy metals may increase in the water, as well as in the sediment. 
The aquatic organisms accumulate these elements along the trophic chain. Molluscs 
arc particularly well known as bioaccumulators of some of these metals (Fuller, 1974; 
Burky, 1983; Lakatos el al. 1990), taking them either directly from the environment, 
or indirectly through the food. The metals are stored in the soft parts of the body, as 
well as in the valves. It is known that the unionids molluscs arc great plankton 
consumers and it was experimentally demonstrated that unicellular algae arc able to 
retain during 14 days 78 - 98 % of the heavy metal contcnt (in positive relation with 
the concentration) of the culture media (Nagy-Tóth, F. and Adriana Barna, 1982). Due 
to these qualities of the unionid molluscs, many authors suggest their use as 
bioindicators in this sense and recommend in a particular way the use of gills as 
indicator organs for the heavy metal bioaccumulation (Salánki el al. 1991). 
Many studies demonstrate the sub-lethal and lethal toxic effects of these 
xcnobiotics in different organisms, the modification of their metabolism (Nagy-Tóth, 
1981), as well as the appearance of certain malformations (Szító, 1994) or other 
modifications in the cells of different organs, or even the modifications of the nervous 
system (Serfőző, 1993). 
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The indicator value of the aquatic organisms is more obvious in the case of the 
temporary and punctiform pollutions, in which neither the water nor the sediments 
contain an excessive quantity of pollutant, but the organisms still bear the sign of 
modifications produced by them (Moore - Ramamoorthy, 1984, ap. Dévai, 1993). 
The Unionidae molluscs accumulate with a high intensity heavy metals, especially 
in gills. Because of their relative low mobility, these organisms are very good for 
testing the pollution degree of rivers with xenobiotics. 
The catastrophic accidental pollution with cyanides and heavy metals caused by 
the Aurul industrial unit, from Bozánta Mare, determined a drastic effect on the 
aquatic communities from the Some? and Lapu? rivers. Investigating the consequences 
during the years of 2000 - 2002 we noticed a serious load of heavy metals content in 
sediments. Afterwards the bioaccumulation was also researched, by using those 
organisms that are able to survive in lower reaches of the Some? River, namely fish 
and vascular plants. The latter showed high levels of heavy metals, but this could be 
due to sediments and biotecton settled on their organs, that are hard to be removed 
during the chemical analyses. Regarding the experiments with fish, in the year 2000 
the metals' contents in the specimens captured in the exposed river sector were lower 
than those registered in individuals from the upper reaches. This proves that the fish 
that once lived in the polluted river sector died out, and were replaced after the 
environmental recovery, with other individuals belonging to different species, coming 
from upstream the river and its tributaries. These arc the reasons why wc decided to 
use bivalves as an alternative method of biomonitoring, but in the lower sector of the 
river this group is absent at present. Therefore individuals of Unio crassus Philipsson, 
1788 had to be brought from the Lapu? River Defile and afterwards from the Some? 
River Defile from Ticáu, which still shelter abundant populations of naiads, and 
exposed in underwater cages in the Some? River. 
Materials and method 
In order to accomplish this experiment, on 18 October 2001 we collected manually 
60 specimens from the Lapu? Defile (Ohaba de Padure sampling station). From these, 
10 specimens were used as control samples (determining their heavy metal content), 
the other ones were exposed in the Some? River at Meri?or, downstream the discharge 
of the Lapu? River. These were held in plastic cages, and were removed for analyses 
in groups of 10 individuals after 7 days (on 25.10.2001), 21 days (on 08.11.2001) and 
147 days (on 14.03.2002). After 08.11.2001 a very cold period followed and the 
Some? River froze, so we were unable to sample other individuals until the spring. 
The heavy metal content of muscles and gills were determined. 
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Results and discussion 
The results of the gills' analyses demonstrate a high bioaccumulation rate of 
copper and lead, in the first 7 days and, in a smaller degree, after 21 days. At this time 
the temperature of the water was higher, 7-8 °C. After this date, when the temperature 
of the water has fallen close to 0 °C, the mussels started to "hibernate" and catabolyze 
their own substances, so the heavy metal content decreased as well (Tab. 1, Fig. 1, 2) 
until the spring. 
T a b l e 1. H e a v y me ta l c o n t e n t of musse l s in 2001 
Sample Cu Pb 
Mussels Sampling site Date mg/kg mg/kg 
Unio crassus/muscle -
control Lâpuij - Defile 18.10.2001. 14 1 
Unio crassus/gills- control Lapu$ - Defile 18.10.2001. 144 14 
U. crassus/gills Some? - Meriçor 25.10.2001. 259 19 
U. crassus/muscle Some? - Merisor 25.10.2001. 10 <1 
U. crassus/gills Somes - Meriçor 08.11.2001. 171 27 
U. crassus/muscle Somes - Merisor 08.11.2001. 5 <1 
U. crassus/gills Somes - Merisor 14.03.2002. 77 13 
U. crassus/muscle Somes - Merisor 14.03.2002. 8 <1 
Somes at Merisor -
14 Mar.2002 
Somes at Merisor -
8 Nov. 
Somes at Merisor -
25 Oct. 
control - 18 Oct. 
0 50 100 150 200 
mg/kg dry tissue 





In a very sharp contrast, the analyses of muscles illustrates another pattern, namely 
that all samples, despite the period, showed lower contents of heavy metals than the 
control. Led is continuously decreasing, while the copper registered an increased value 
in spring 2002. compared to the fall of 2001. These peculiarities suggested that the 
gills arc much sensitive in heavy metals monitoring than muscles. 
This first experience proved that the method is applicable only in the warm 
seasons, during which the bivalves arc active. During the summer of 2002 the study 
was repeated in a similar manner but. finding out that the controls already have a 
ccrtain amount of heavy metals, bccausc of the residual mining waters discharged 
from the upper sectors, we used individuals from the Jicau Defile, the Some? reach 
upstream the confluence with the Lapu? tributary. The results are not available yet, but 
during the summer in only 9 weeks 60 % of these bivalves died, and the others were 
seriously weakened, having a pale colour of the tissues, as compared lo the control 
samples. 
Is worth mentioning that after the first 7 days the Sr content of the gills has 
increased. According to Cootc & Trompcttcr (1995) one of the possible reasons of this 
increase should be the effect of stress. 
Somes al Merisor -
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Somes at Merisor -
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control - 18 Oct. 
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THE ECOLOGICAL STATE OF THE TISA RIVER 




People start to be aware of the possibility to use the tolerant species as 
environment indicators. Covering up the ccological demand of different species, we 
would be able to understand more and more from their signals and to use them in 
qualification of the ecological changes. 
The ccological qualification may be on a species level only. The upper species 
categories are not enough for this work. The lack of bcnthic invertebrates may be often 
due to the lack of the sediment, like in the Upper Tisa Region. 
The high individual density of a species may be caused by the optimal food source 
for them, but extraordinary high in hypertrophic situation sometimes. Oligochactc 
spccics often producc extreme high individual density, but the spccics richncss is 
rcduccd to one or two spccics only. Limnodrilus hqffmeisteri is the most tolerant 
spccics in our investigated regions, it is present in hypertrophic relations. 
The lack of the tolerant indicator species in an ecosystem may indicate continuous 
or temporary oxygen depletion, moreover high organic material pollution or chemical 
poisoning. 
The monitoring data show a temporary picture about the state of the investigated 
ecosystems. The continuous and complex works may detect and present the ccological 
changes. 
Clean water indicator, moderate tolerant and tolerant spccics were identified. 
Keywords: river ecology, invcrtcbrata, benthos, indicator spccics 
Introduction 
The biomonitoring is a continuous quality investigation and control system, which 
shows the environmental quality changes by the species composition and individual 
density changes in the communities. The scientific background of the monitoring is 
the fact that environmental factors affect the plants and animals. The affecting 
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biological and abiotic environmental factors provide them with the opportunity to find 
their essential conditions, to settle down and to reproduce. 
The biologists already recognized more than 150 years before that the demands of 
the organisms for the environmental factors are different. The most sensitive 
organisms were used as environmental quality indicators, becausc the positive 
environmental changcs arc productive for their prescncc, reproduction and individual 
density. Their response to negative cffccts results in their individual decrease and the 
disappearance from the ecosystem. This realization is used by the specialists for the 
qualification of different water ecosystems. The qualification of the different water 
ecosystems by indicator spccics is a complementary, but important method for the 
chemical analyses. 
The quality of a water ccosystcm is determined by chcmical and biological 
parameters of the water and sediment, but their complcx effect could be indicated by 
the quality and quantity changes of the communities. The biomonitoring produces 
temporary information about the state of the investigated ecosystem, but this 
periodical data collection offers a continuous picture. The presence of species, their 
individual density or disappearance are such informations which can be used for 
qualification of the changcs in the community structures and the ecological state 
changes. If wc know the environmental demands of the species, wc arc able to 
describe the quality of the ccosystcm by their presence or disappcarancc. 
We use a lot of plant and animal spccics as environmental indicators, especially the 
steno-types, because they indicate one or two environmental factors only, which arc as 
follows: pH, light, temperature, food, water currcncy, chcmical pollution. The cury-
type spccics can survive the extreme cffccts, therefore they were not used as 
indicators. 
In the last years scientists try to use the taxons over the species (genus, family 
etc.). These people don't think that it is a mistake. The reactions of the species arc 
different to the environmental factors inside a family or a genus. For example: there 
are Oligochaete and Chironomid spccics which indicate the clean water, the others the 
polluted waters, moreover a lot of Oligochaete and Chironomid species live only in 
standing waters, in running waters, but wc can find some other spccics living both in 
standing and running waters. The qualification of the ecosystems by the presence or 
disappearance of the taxons over spccics is an ostriehism only, instead the relations of 
the education and training of specialists to solve this complcx education problem at 
state level (Szito, 1998a). 
If the river was able to eliminate the organic and inorganic pollutants, the spccics 
composition of the community signalized this process downstream (Nuttall et al.. 
1974). The species composition and structure of macrobcnthos was used for 
evaluation of water quality of Scioto River System (Olive el al., 1975). The 
Chironomids were used at Hungary in the River Tisa monitoring similarly (Szito, 
1981). 
The big and continuous, organic pollution results in oxygen depletion on the 
sediment surface in the big rivers too, thereafter the macrobcnthos community 
disappears (Dratnal et al., 1980). 
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The tolerant species of the macroinvcrtebratcs were used for indicating the 
environment quality changes by the heavy metal pollution (Watcrhousc ct al., 1985). 
Increasing the number of private farms resulted in the pollution of the small streams 
with organic materials, in which a new macrobcnthos community formed with tolerant 
species (Schoficld ct al., 1989). The community structure of a river changed hard in 
the town part. The sensitive species for environment changes disappeared from here 
and only the tolerant ones were present. The fauna regenerated slowly downstream the 
town (Hynes et al., 1989). Similar changes of the macroinvertcbrate communities were 
rccognizcd in the Transylvanian rivers and river systems (Szító, 1995. Szító et al.. 
1997; ¡999; Szító, 1998a,b; 1999a-c, 2000a-c). 
Increasing the trophic level by non-point pollution effects of the agriculture, 
therefore the individual density of the macrobcnthos community increased too. The 
consumers did not follow the hard developed cpilithic algae in individual densities 
(Delongetal., 1998). 
The species number was much lower on the chemically or physically disturbed 
parts, than on the undisturbed sites. The larvae drifted from the drifted parts to the 
nondisturbed sites. The species composition showed better the disturbance 
downstream, than the changes of the heavy metal concentration (Ruse et al., 2000). 
Our monitoring work may give up-to-date pictures about the environment quality 
changes in different rivers and the recommendations help the modifications of the 
negative progressions. 
Material and Methods 
Qualitative samples were taken from the surface of the stone and gravel piece by 
washing into a drifting net in each profiles. Sampling sites were at various distances 
from the left, the right bank and in the main current as well when it was possible. 
Each sample was washed through a metal screen with pore mesh size of 250 (im 
and preserved in 3-4 % formol solution. The retained material was separated into 
groups of Oligochaetes, Chironomids and other groups of animals with a Zeiss 
stercomicroscopc in the laboratory, with a 4 to 6 times magnification, and animals 
were preserved in 80 % ethylic alcohol. 
For taxonomic identification the following works were used: (Bíró, 1981; 
Brinkhurst and Jamieson. 1971; Cranston et al. 1983; Ferencz, 1979, Fittkau, 1962; 
Filtkau et al. 1983; Pinderetal. 1983; Pop. 1943, 1950). 
Results and Discussion 
The species presence, disappearance, individual density 
Dikerogammarus haemobaphes fluviatilis and Rivulogammarus balcanicus 
dacicus (Amphipoda) formed the shrimp fauna in the River Murc$/Maros in 1991. 
This species were present between the region of source and Suseni. The effects of both 
the reservoir upper Targu Mure§ and the sewage water of the town resulted in a big 
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change in the species composition. Downstream Targu Mure§. the tolerant Cacnis 
sepcics appeared near Sintimhru only, when the quantity of the pollutants dccrcascd 
because of the self purification of the river (Table I). 
Oligochactc were tolerant to pollution and the environment quality changcs 
therefore its specics richncss was high. Limodrilus profundicola by Targu-Mure$, 
Isochaeta virulenta by Dcva and Limnodrilus hoffmesiteri by Deva had high 
individual density and showed hypertrophic environment in this river part. The deep 
sediment was rich in organic material, too (Table 2). 
The presence of predator Chironomid species depended on the food source, 
therefore they indicated the environment quality only indirectly. 
The epiphytic Chironomid specics were rare between the source region and 
Rastolita in this clcan river part. The cpilithon was very poor on the surface of gravels 
and boulders, the food source was poor. No species appeared between Targu-Murc? 
and Alba Julia, in spite of the river bed covered by gravels in this river part (Table 3). 
Bcnthic Chironomid species appeared first in Rastolita, because some sediment was 
found here. Microchironomus bicolor, Microtendipes chloris and Polypedihtm 
conviclum indicated the clcan river part by Rastolita. Chironomus lhum mi (fluviatilis). 
Chironomus riparius, Chironomus plumosus, Chironomus semireduclus, 
Dicrotendipes nervosus. D. pulsus and Paratendipes albimanus needed eutrophic 
environment, therefore they were tolerant to organic pollution. Some tolerant 
Chironomid species disappeared between Gura Aries and the influent, 
Crypiochironomus redekei, Paracladopelma campiolabis, Tripodura (Polypedilum) 
scalaenum and Robackia demeijerei were present (Table J). 
The control investigations showed in 1999 that both the species richncss and 
individual density of Oligochaete increased between the source region and Scnctea, 
between Ungheni and Sintimbru they dccrcascd and they increased by Pecica (Figure 
1). Both the spccics richncss and the individual density of Chironomid increased 
between the source region and Scnctea. which was the clean river part in 1991, which 
fact indicated sedimentation and pollution in this area, too. The epilithic Chironomid 
fauna increased by Scnctea, 9 species were found here and they were present in 
sampling placcs downstream. 
The number of bcnthic Chironomid specics was 5 in Scnctea, and 11 in Pccica 
(Figure 1). Both the species richncss and individual density indicated rich food 
sources and eutrophic relations. The spccics richncss with 9 and 12 epilithic spccies in 
Senctca and Salard area was that same as in Vintu de Jos, but the high species 
abundance was formed by bcnthic Chironomids by Pecica. Presence of 
Cladotanytarsus, Dicrotendipes, Chironomus and Einfcldia spccies indicated standing 
water relations near the river banks and high diversity of the investigated river parts. 
The lack of Beckidia zabolotzkyi, Paralaulerborniella nigrohalteralis, Paratendipes 
albimanus. Paratendipes (intermedins) nudisquama indicated that the River 
Mure$/Maros had communal and industrial pollution from Targu-Mure? to Pccica 
(Table 4). 
During the investigations of the Somc$/Szamos River System between 1-22, 
August. 1992, the presence of Isochaeta mischaelseni indicated clcan water river part, 
while its disappearance showed the increase of organic and other pollutants. Eutrophic 
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and hypertrophic relations were indicated by Limnodrilus hojfmesiteri, Tubifex ignolus 
and Psammoryctides moravicus between Cluj and Gherla. Data show that the self 
purification of the river was not effective enough on an about 50 km long distance. 
The pollution level was lower between Beclcan and the mouth, than on the upper river 
part (Table 5). 
Analopynia plumipes and Apsectrotanypus trifascipennis (Chironomidae, 
Tanypodinae) indicated clean and cold water river part. Species of Orthocladiinac 
were found as living in epiphyton and cpilithon. Their species richness showed the 
high diversity of the investigated river part, but low individual density of 
Eukiefferiella brevicalcar, Eukiefferiella coerulescens, Euorthocladius (Orthocladius) 
thienemanni, Orthocladius saxícola, Propsilocerus paradoxus, Psectrocladius 
barbimanus. Psectrocladius obvius, P. simulans, Monodiamesa bathiphyla and 
Corynoneura scutellata indicated clcan water in the Some$ul Cald/Meleg Szamos 
River and R. Some$uI Rcce/Hidcg Szamos, and upstream Cluj. The phytophyle 
Chironomid species disappeared between Cluj and Gherla because of hypertrophic 
relations (Table 6). 
Continuous increasing of the number of bcnthic Chironomids upstream Cluj 
indicated the sedimentation process and some food sourcc for them. They disappeared 
between Cluj and Gherla because of hypertrophic environmental relations in sediment, 
their both low specics richncss and individual density showed a polluted river part 
from the confluence with Arin brook to the mouth (Table 6). 
The ecological state of the Criijul Alb/Fchcr Körös River was investigated in 1994. 
Regarding the Oligochate fauna, Limnodrilus claparedeianus, Limnodrilus 
hojfmesiteri and Limnodrilusprofundicola indicated cutrophic relations between Brad 
and Ineu, the pollution level decreased by Chi$ineu Cri$ because of the self 
purification (Table 7). The Chironomid fauna indicated cutrophic relations, the 
organic material content of the sediment was moderate, the fauna was diverse because 
of the high species abundance (Table 8). 
The complex evaluation of the ecological state of the Cri$ul Ncgru/Fckcte Körös 
River was made in 1994. Both the specics richncss and individual density of 
Oligochacte and Chironomids indicated cutrophic relations between Poiana and 
Sarkad. The presence of the only one species of Branchiura sowerbyi and the lack of 
other species showed the temporary oxygen depletion (Table 9). The species richness 
of bcnthic Chironomid fauna was high only in Tinea, but the larvae of this species 
lived in cpilithon, like in Poiana, $tei (Pctru Groza) and Borz (Table 10). 
The ecological state of the Cri§ul Rcpede/Scbcs Körös River was investigated in 
1995. Oligochaete appeared in $aula, 3443 ind./rn2 of Limnodrilus hojfmeisteri 
indicated cutrophic relations here, but the individual density of Limnodrilus 
claparedeianus, Limnodrilus udekemianus and the Tubifex sp. confirmed our 
conclusion. The individual density of Oligochatc was low between Ciucca and Fughiu, 
they disappeared by Stána de Vale, but showed cutrophic relations by Cheresig (Table 
11). 
The phytophyle Chironomid fauna showed moderate eutrophic relations. 
Orthocladius saxícola and Cricotopus trifasciatus indicated the clcan water part 
(Spring area, Ale§d, Ciucea, 0$orhei). The individual density was low for all species. 
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Fig. I. l n v e r t e b r a t a spec ies n u m b e r in t he Kiver M u r e $ / M a r o s 
The benthic Chironomid fauna showed diverse relations. Chironomus sp., 
Cladotanytarsus mancus and Cryptochironomus redekei were frequent in the sediment 
near the banks, Paratendipes (intermedins) nudisquama and Paracladopelma rolli 
appeared, indicated the rivers, which were found in Murc$/Maros earlier (Table 12). 
A very important data collection was made in the international expedition, to cover 
up the Oligochactc and Chironomid fauna on the Upper Tisa Region and its 
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Fig. 2. Species c o m p o s i t i o n of the C h i r o n o m i d f a u n a in U p p e r Tisa Region (10-19 Sep . . 2000) 
The river beds were covered by boulders and gravels, sediment was found only 
rarely and it was not characteristic of this region. That was the reason why the 
macrozoobenthos was poor in spccics and individuals, too. The species and individual 
richness was bigger in the epiphyton than in the sediment. 
Pollutants cannot conccntratc because of lack of the sediment, but these materials 
were transported downstream and diluted. Anthropogenic pollution effects were not 
detected during the expedition, but the Chironomid spccics Prodiamesa olivacea was 
not present in the river at Rahiv. The disappearance of this species showed that some 
pollution cffccts existed periodically in this river region (Figure 2). 
The investigations and the indicator spccics showed that Ung, Latorica, Ondava, 
Laborcc Rivers and Bodrog River were mostly clean. The rivers were polluted on 
some sampling areas as follows: 
The River Latorica had no benthos by Chop upstream (place 6). The River Ung by 
Pavlovce (placc 7) was rich in food sources for benthos. 18 individuals of Chironomus 
riparius, 12 ind. of Polypedilum nubifer and 13 ind. of Tripodura scalacnum were 
present here. The presence of Chironomus riparius and Polypedilum species, and their 
individual richness showed a probability of temporary human pollution (Table 13). 
River Latorica by Velky Kapusany downstream: the sediment was deep, clay 
Limnodrilus hoffmeisteri (Oligochacta) and Chironomus riparius was present with 12 
ind./m: and indicated communal pollution. 
The presence of 6 individuals of the predator chironomid Apscctrotanypus 
suggested a food richncss for them in the Laborec River by Koskovce downstream 
(place 9). Those Chironomid spccics which were commonly living both in the 
periphiton and sediment were present. 
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The Laboree River was poor in species by Stretavka downstream (place 11). The 
deep and organic material rich sediment had a poor zoococnose. 6 individuals of the 
tolerant Limnodrillus hojjmeisteri, 8 ind. of Chironomus riparius, and 4 ind. of both 
the Polypedilum nubifer and Polypedilum conviclum showed an eutrophic 
environment on the left bank river side (Table 14). 
The sedimement of Latorica River was rich in organic material by Zlatin (place 
12). but the left river bank side was bad in species. 6 ind. of Limnodrilus hojjmeisteri, 
8 ind. of Chironomus riparius, and 4 ind. of both the Polipedilum conviclum and 
Polypedilum nubifer were present here. Both the species and their individual richness 
indicated the probability of the richness of the organic materials in the sediment (table 
14). 
River Bodrog by Vinicky showed deep muddy sediment (place 13). Only one 
individum of Branchiura sowerbyi (Oligochacte) was found. It was the only one from 
the investigated area during the expedition. We do not know its earlier data from these 
rivers, and its presence indicated the food richness in sediment, as well as Limnodrilus 
hojjmeisteri, which was present with 13 individuals, too. The Corethra plumicornis 
and Cloeon dipterum were also present here. Moreower, 5 chironomid species were 
detected, the presence and high individual richness of Chironomus riparius showed an 
eutrophic sediment (Table 14). 
The mouth area of River Ondava by Brechov had deep sediment. The Gomphus 
flavipcs was the only species here. Some species presence of Oligochate and 
chironomid would be prognostized with high individual richness by the environment, 
but we dont know the cause of their lack. 
River Bodorog by Bodrogolaszi (place 19). The sediment was rich in organic 
materials by right side of the river bank. The very tolerant Limnodrilus hojjmeisteri 
(Oligochaete) species was present only, but the tolerant chironomid species 
disappeared. 
River Bodrog by Felsobcrccki (place 18). The sediment was deep, with aerobic 
surface. The lack of the fauna was surprising (Table 14). 
River Bodrog by Bodrogkeresztur, mouth area (place 20). It was rich in organic 
materials. 4 specics found. The Limnodrilus hojjmeisteri was the only Oligochacte 
species present here, 3 chironomid species were present with 1-2 individuals only. The 
fauna was poor both in species and individuals (Table 14). 
The sediment fauna was formed by Perla sp and 10 chironomid species in River 
Laboree by Certizne upstream, in spring area. All the species were clean water 
indicators. 
The presence of 6 individuals of the predator chironomid Apscctrotanypus 
suggested a food richness for them in River Laboree by Koskovce downstream (place 
9). Those Chironomid species were present which were commonly living both in the 




T a b l e 1. C h a n g e s of the species a n d the i r i n d i v i d u a l dens i ty f r o m the s p r i n g to t he e s t u a r y of t h e R i v e r 
M u r e f / M a r o s 
1 Profile (section) 1 2 3 4 5 
2 Sampling site Izv. 
Mure? 




6 Dicerogammarus hacmobaphcs fluv. Mart. 564 195 24 
7 Rivulogammarus bale. dac. Dobr.-Man. 36 72 24 
Insecta 
9 Ephemeroptera 
10 Siphlonurus arnatus Etn. 18 18 186 1 14 
II Siphlonurus lacustris Etn. 12 12 
12 Siphlonurus linneanus Etn. 54 6 
13 Ameletus inopinatus Etn. 24 
14 Baetis atrcbatinus Etn. 18 
15 Baetis mulicus L. 6 12 
16 Baetis niger L. 6 
17 Baetis rodani Pict. 6 6 
18 Baetis pumilus Bum. 12 18 
19 Baetis scambus Etn. 84 72 510 18 
20 Ecdyonurus insignis Etn. 54 6 
21 Ephemerella notata Etn. 36 
22 Caenis horaria L. 12 42 
23 Caenis macrura Steph. 6 
24 Caenis moesta Bengtss. 
25 Caenis rivulorum Etn. 12 
26 Caenis robusta Etn. 6 
27 Potamanthus luteus L. 12 6 
28 Simuliidae 
29 Simulium omatum Meig. 6 204 
30 Simulium sublacustre Davies 6 

























































T a b l e 2. O l i g o c h a e t a species a n d t h e i r i n d i s i d u a l dens i ty in t he R i s e r M u r e j / M a r o s (in 1991) 
1 Sampling site Izv. 
Mures 
Senetea Suseni Sarma$ Rastoli(a 
2 Oligochaeta Ind.'rrr 
3 Aurodrilus limnobius Brelsh. 
4 Branchiura sowerbyi Bedd. 
5 Eiseniella tctraedra Mich. 
6 Isochaela virulenia Point. 6 
7 Limnodrilus claparedeianus Rat 
8 Limnodrilus hoffmeisteri Clap. 6 
9 Limnodrilus profundicola Brinkh. 6 60 
10 Limnodrilus udekemianus Clap. 6 
11 Lumbricillus lineatus Mich. 6 
12 Peloscolex speciosus llrabe 
13 Polamothrix hammoniensis Brinkli. 
14 Potamothrix vejdowskyi Hrabe 12 6 12 
15 Thalassodrilus prostatas Kn tII. 6 12 
16 Tuhifex ignotus Stolz 6 18 
17 Tubifex nevaensis Mich. 
18 Ind. 18 12 0 12 120 




Ungheni Gherla Gura 
Arie? 
Sinti mbru Alba 
lulia 
Dcva Zam Pecica Szeged 
2 
3 30 




8 48 804 180 48 12 61 30856 894 58 
9 7152 54 348 30 24 
10 12 6 18 30 30 
11 
12 48 
13 6 12 66 
14 12 12 766 18 30 
15 
16 6 
17 6 24 12 6 24 48 
18 7206 882 564 168 84 61 35894 918 72 160 
19 3 4 5 7 6 I 6 3 2 4 
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T a b l e 3. C h i r o n o m i d species a s e n v i r o n m e n t i n d i c a t o r s ( M u r e $ / M a r o s . 1991) 
1 Profile (section) 1 2 3 4 5 
2 Sampling site Izv. 
Mure? 
S e n e t e a Susen i S ä r m a ? Rästolila 
3 ind./m 
4 Chironomidae 
5 Procladius Choreus Meig. 18 
6 Tanypus punctipennis Meig. 
7 Thienemannimyia lentiginosa Fries 
8 Thienemannimyia northumbrica Edw 
9 Thienemannimyia sp. 
10 Brillia m o d e s t a Meig. 6 
11 Cricotopus bicinctus meig. 24 
12 Cricotopus sylvestris Fabr. 6 
13 Metr iocnemus hygropetricus Kieff. 6 
14 P r o d i a m e s a olivacea Meig 6 36 
15 Chi ronomus fluviatilis Lenz 
16 Chi ronomus p lumosus L. 
17 Chi ronomus riparius Meig. 
18 Chi ronomus semireduc tus Len? 
19 Cryptochironomus redekei Krus. 24 
20 Dicrotendipes ne rvosus Staeg . 
21 Dicrotendipes pulsus Walk. 
22 Einfeidia pectoralis Kieff. 
23 Microchironomus bicolor Zett. 6 
24 Microtendipes chloris Meig. 186 
25 Parac ladope lma camptolabis Kieff. 
26 Pa ra t end ipes a lb imanus Meig 6 
27 Polypedilum convictum Walk. 114 
28 Polypedilum nubecu losum Meig 
29 Tripodura (Polypedilum) sca l aenum Sehr. 6 
30 Robackia demeijerei Krus. 
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1 6 7 e 9 10 11 12 13 14 15 
2 Tárgu 
Mure$ 




Déva Zam Pecica S z e g e d 
3 
4 
























29 96 6 6 12 18 6 126 12 
30 18 
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T a b l e 4. Ben th ic and ep i l i l h i c C h i r o n o m i d spec ies a n d the i r i n d i v i d u a l d e n s i t y in d i f f e r e n t p a r t s of t he 









































63 10 23 
Pristina bilobata 
Bretsch. 
550 277 23 10 2387 17 
Stylaria lacustris 
Linnaeus 
27 10 27 
Tubifex nevaensis 
Mich. 
340 33 120 10 53 227 420 23 
Oligochaeta 
(ind./m2) 
570 727 70 170 30 160 2777 460 60 
Oligochaeta 
(species richness) 








3 177 687 143 37 
Krenopelopia 
binotata Wied. 














80 223 70 77 7 
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T a b l e 4 . ( c o n t i n u c d ) 
Izvorul 
Mure? 



































































23 500 2387 10 473 187 827 1663 293 
Orthocladiinae 
(Species richncss) 


















































33 17 123 330 207 520 
Polypedilum 
convictum Walk. 
10 13 3 27 760 
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sordcns v.d. Wulp 
3 950 3 
Tripodura 
scalacnum Schrank 














Simulida 13 10 
Chironominae 
(Ind./m2) 
3 50 993 103 63 123 357 287 1610 
Species richness 2 5 4 4 2 I 4 5 11 
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4 1. Some? Cald. 4 7 0 0 0 
5 2. Some? Rcce 34 21 0 0 0 
6 3. Upstr. Cluj 2 0 1 
7 4. Downstr. Cluj 9000 0 
8 5. Upsir. Gherla 7660 301 
9 6. Conn. Wuh 
Ann brook 
5 1 1 4 
10 7. Sangcorzi Bai 4 4 4 





13 10. Downstr. 
Dej 
2 1 
14 11. Some? 
Odorhei 
13 1 
15 12. SSIsig 20 
16 13. Pomi 12 1 
17 14. Paulesti 4 12 
18 15. Veti? 65 
19 16. V. nameny 96 
20 Frequency (%) 7 1 7 22.8 3.2 3.2 1 3.2 
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1 Polam. Psammorycl. Psammorycl. Stilodr. Stylaria Tubi (ex Tubifex Tubifex Species 
2 vcjd. morav. barbalus heringé. lac. nevae. ignolus tubifex 
3 
4 0 0 0 0 0 0 2 
5 11 0 4 0 0 0 4 
6 2 0 1 1 0 5 
7 0 1000 2 
8 1204 3400 4 
9 4 
10 3 
11 2 1 
12 33 532 3 
13 9 17 7 5 
14 7 3 
15 1 4 14 4 5 
16 1 68 34 6 5 
17 12 7 4 
18 4 12 3 
19 36 22 3 
20 7 1 3.2 1 1 15.6 18.7 3.2 
119 
T i b l e 6. C h i r o n o m i d species «nd i h e i r d e n s i t y in the S u n n s / S / i m o s R i v e r Sys t em (1-22 Augus t , 1992) 


























3 Species ind./m" 
4 Tanypndinae 
5 Pre- Anatopynia plumipes (Fries. 
1X2)) ' 
2 
6 dators Apsectrotwtypus trifaseipennis 
<Zett.. 1838) 
1 2 
7 Macropelopia notatu Meig. 1 
8 Natarsia punctata Fabr. 1 
9 Procladius choreus Meig. 




12 P Brillia longifusca (Kieff. 1921) 1 
1 3 h Bnophaenocladius nilidicollis 
Goetgli. 
1 
14 y Cricotopus bicinctus Meig. II 
15 t Cricotopus fuscus Kieff. 
16 0 Cricotopus trifascia 
17 P Eukieferiella hrevicalcar Kieff. 2 1 
18 h Eukiefferiella clypeata Kieff. 
19 i Eukiefferiella coerulescens 
Kieff. 
1 
2 0 1 Eukiefferiella gracei (Edw.. 
1929) 
21 e Eukiefferiella lohifera Goetgli. 1 1 
2 2 Eukiefferiella simitis Goetgh. 11 5 1 
2 3 f Euorthocladius) Orthocladius 
thienemanm Kieff. 
1 
2 4 a Isocladius (Cricotopus) 
sylvestris Fahr. 
1 
2 5 u Nanocladius hicolor 7a!II. 1 
2 6 n Orthocladius saxicola Kieff. 6 
2 7 a Orthocladius sp. 7 
2 8 Paractudius conversus H'alk. 8 
2 9 Propsilocerus danuhialis (Born, 
et A Ihn. 1956) 
1 2 
3 0 Propsilocerus paradoxus 
I.undstr. 
1 
























































I a h l c 6. ( c o n t i n u e d ) 

























32 Psecirocladius ohvius (Walker, 
1X56) 
1 
33 Psecirocladius simulatis 3 
34 Sminia alerrima Meig. 
35 Thienemannia gracilis (Kieff.. 
1909) 
1 1 1 
36 Zalutschia mucronatu (Brundin, 
19-19) 
37 Diainesinae 
38 Monodiamesa (Prodiamesa) 
balhvpila (Kieff.. I9IX) 
2 
39 Prodiamesa olivacea Meig. 1 7 
40 Pseudodiamesa branichii Now. 1 
41 Corynoneurinae 
42 Corynoneura scutellala Win. 4 
43 Intl. density of phytophile 
fauna 
24 9 45 0 0 9 0 
44 Spec ies richness 10 5 13 0 0 3 0 
45 Chironominae 
46 Chirononiini 
47 B Chironomus annularius Meig. 22 
48 e Chironomus riparius Meig. 5 1 
49 n Crvptochironomus delectus 
Kieff. 
2 
50 t Crvptochironomus holsatus 
(Lenz. 1959) 
1 
51 h Crvptochironomus redekei 
Krus. 
52 ¡ Endochironomus lendens 
(Fabr.. 1775) 
53 c Microtendipes clitoris (Meig., 
1X18) 
10 
54 Microtendipes [tedellus d. Geer 20 
55 f Microtendipes larsalis H ulk. 8 
56 a Paracladopelma camptolabis 
(Kieff.. 1913) 
6 
57 u Polypedilum conviction Walk. 
58 n Polypedilum laelum Meig. 2 





































43 28 13 56 127 12 36 21 5 27 




4 8 1 
49 
50 










T a b l e 10. ( c o n t i n u e d ) 


























60 Tripodura (Polvpedilum) 
scalaenum (Schrank. 1X03) 
45 




63 Micropsectru apposila (Walker. 
1856) 
1 
64 Micropsectru junci (Meig., 
1818) 
2 
65 Paralanvlarsits lauterhorni 
Kieff. 
66 Rheotanvtarsus curtistvlus 
Kieff. 
1 
67 Tanvtarsus gracilentus 
(Holmgr.. 1883) 
2 
68 Tanytarsus gregarius Kieff. 43 6 6 
69 Ind. density of Chironomini 44 59 100 0 1 1 22 
70 Spec ies richness 3 4 11 0 1 1 1 
71 l otal ind. density 69 70 150 0 1 10 22 

































69 3 1 34 11 0 2 3 2 3 
70 2 1 3 4 0 1 1 1 2 
71 31 15 90 138 12 38 24 8 30 
72 10 4 6 5 1 2 2 3 5 
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T a b l e 7. Q u a n t i t a t i v e d a t a of t h e O l i g o c h a c t e in t he R i v e r F e h é r K ö r ö s (Cr i>ul A l b . in 1994) 
Sampling places 
Species 
Cri j Brad Aciuta Ineu Ch. Cris 
ind./m" 
Limnodrilus claparedeianus 171 302 3006 40 
Limnodrilus hoffmeisteri 2313 845 306 
Limnodrilus pro/undicola 428 181 982 30 
Table 8. C h i r u n o m i d f a u n a in the River C r i$u l Alb ( F e h é r K ö r ö s , in 1994) 
Spring 
area 























































79 38 132 4 87 42 
c. Ind. density 91 76 23 151 450 12 114 61 19 
Species number 2 6 2 2 2 2 4 2 2 
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T a b l e 10. ( c o n t i n u e d ) 
Spring 
area 
































4 38 23 15 
c Cryptotendipes 
anomalus K. 










e Einfeidia insolita K. 4 






























4 4 4 8 
Pentapedilum 
sordens v. d. Wulp 
4 8 34 30 
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T a b l e 10. ( c o n t i n u e d ) 
Spring 
area 

















15 0 34 II 23 
Polypedilum 
nubeculosum Mg. 























Ind. density 151 42 64 257 174 23 64 45 117 
Species number 9 6 4 13 8 3 6 8 9 
Total ind7m2 242 117 144 408 646 34 178 106 136 
Species richness 11 12 6 15 10 5 10 10 11 
T a b l e 9. Spec ies r i c h n e s s a n d q u a n t i t a t i v e d a t a of t he O l i g o c h a e t e in the Kiver Feke te K ö r ö s (Cr i$u l 
N e g r u ) , R ive r Ke t tő s K ö r ö s and River H á r m a s K ö r ö s (Augus t 10-17, 1994) 
Sampling places 
Species Poiana §tei Borz Tinca Zerind Gyula Sarkad Békés. 
R. Kettős K. 
Csongrád, 













987 89 182 44 
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Table 10. C h i r o n o m i d f a u n a in the R i v e r Cr i$u l N e g r u ( F e k e t e K ö r ö s , in 1994) 
Poiara Stci Bor/ Tinea Zcrind Sarkad 
Species bank gravels sandy 
sediment 




p Brillia longifusca 
K. 
8 



























































Ind. density 98 30 4 196 11 8 0 8 0 
Spec, number 4 5 1 9 2 2 0 1 0 
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f ab le 10. ( c o n t i n u e d ) 
S p e c i e s 
Poiana Stei Borz Tinea Zerind S a r k a d 
bank gravels sandy 
sediment 


































































sordens v. d. Wulp 
34 11 4 
Polypedilum 
minutum Krug. 


















4 4 4 
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T a b l e 10. ( c o n t i n u e d ) 
Poiana Çtci Bora Tinea Zcrind Sarkad 
Species bank gravels sandy 
sediment 





















Ind. density 944 208 0 15 151 310 15 31 8 
Spe number 10 8 0 3 12 8 2 2 2 
Total ind. 1042 238 4 211 162 317 15 38 8 
Species richness 14 13 1 12 14 10 2 3 2 
T a b l e 11. O l i g o c h a e t e a n d t h e i r q u a n t i t y in t he R ive r C r i j u l R e p e d e (Sebes K ö r ö s , in 1995) 
Sampling places 








328 6 266 
Limnodrilus 
hoffmcisteri 






439 27 54 
Tubifex tuhifex 859 6 53 13 46 3 742 
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Table 12. Chironomid fauna of the River Cr i ju l Repcde'Selies Kiirós in 1995. 
1 
Species 
Spring area Alc$d ttologa Downstream 
Oucea 
2 bank main 
curren! 






















































































11 90 11 4 
21 Orihocladius 
thienemanni K. 

























































4 0 15 
5 4 













19 4 4 4 
20 4 11 8 4 II 19 19 






f able 10. (continued) 
1 Spring area Ale*d Bologa Downstream 
Ciucea 
2 bank main 
currcnt 





























s ¡ignícola K. 
29 Thicnemunniell 





31 Ind. density 204 136 23 69 0 8 0 4 53 4 4 0 
32 Species number 7 7 3 6 0 1 0 1 2 1 1 0 
33 
34 1) Apseclrolanypu 
s Iri/ascipennis 
Zen. 
35 c Chironomus 
(fluvialilis Len:/ 
thummi 
36 n Chironomus 
riparius Mr. 
4 
37 t Cladopelma 
laccophila K. 
38 h Cladoianylarsus 
man cus Walk. 
155 465 41 4 4 
39 i Clinotanypus 
ner\-osus Mr. 






42 s CryptiKh ironum 
us rtdekei Knis. 
38 72 15 4 4 
43 p Cryptotendiftes 
anomalus K. 




45 c Dicrolendipes 
nen'osus Suit's; 
46 i Dicrolendipes 
tritomus K. 
47 e Einfeldia 
pecroralis K. 
4 






















































31 15 30 11 4 8 0 76 91 166 8 0 19 19 0 
32 2 3 2 1 2 0 9 3 7 1 0 2 1 0 
33 
34 15 
35 23 140 8 4 
36 8 15 
37 4 




42 8 11 15 4 45 23 49 
43 4 4 
44 
45 11 11 8 72 




f able 10. (continued) 
1 Spring area Alexi Bologa Downstream 
Ciucca 
2 bank main 
current 



















































sordens v. d. 
Wutp 













































































SI 4 4 8 
52 8 
53 4 30 15 
54 4 11 19 4 4 4 4 
55 4 11 
56 4 
57 4 4 19 
58 
59 II 19 30 8 
60 4 4 4 4 4 4 
61 4 15 4 4 8 4 
62 15 11 8 64 8 45 98 83 242 128 491 30 
63 8 4 
64 4 
65 4 
66 8 4 4 4 4 4 
67 
68 4 8 4 
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f able 10. ( con t inued) 
1 Spring area Ale*l Bologa Downstream 
Ciucea 
2 bank main 
current 



























71 Ind. density 57 4 230 12 5 8 5 6 0 0 8 2 3 8 38 2 2 7 
72 Species number 4 1 7 2 6 3 0 2 3 2 5 8 
73 
74 Total ind m' 261 139 253 81 5 8 5 68 0 11 76 11 42 227 
75 Spccies richness 11 8 10 8 6 4 0 3 5 3 6 8 
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70 4 42 4 15 19 
71 38 94 45 144 23 15 461 242 42 91 291 196 661 45 
72 5 7 9 12 3 4 13 14 4 3 3 11 7 4 
73 
74 53 125 57 147 30 15 536 332 208 98 291 215 680 45 
75 7 10 11 13 5 4 22 17 II 4 3 13 8 4 
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• ab le 13. T h e m a c r o / o n b e n t hos in K i t e r B o d r o g and i l l t r i b u t a r i e s (2-16 A u g u s t . 1999) 
1 
2 Sampling sites 









3. Uzhok 3/a 










4 Individuals in samples 
5 Chironomus 
amhracinus (gr.) 











defectus (Kieffer 1913) 





































21 Tanvlarsus gregarias 
(Kieffer 1909) 
2 2 1 


























3 the main current spring area 
4 
5 1 



















T a b l e 10. ( c o n t i n u e d ) 
1 
2 Sampling sites 









3. Uzhok 3/a 










4 Individuals in samples 

















29 Polypedilum luelum 
(Meigen 1X18) 
2 
30 Polypedilum nubifer 
(Skuse 1889) 
31 Tripodura scalaenum 
(,Schrank 1803) 
5 1 1 
32 Pentapedilum sordens 
(van d. Wulp 1874) 
1 











38 Perla sp. 
39 Species no. 13 13 8 9 10 14 
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28 1 2 3 
29 1 4 2 
30 12 1 
31 







39 6 13 0 2 2 11 10 6 
143 





















































































































































sordens (van d. 
Wulp 1X74) 











































Species richness 4 4 8 8 6 7 1 0 1 4 
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T I S C 1 A m o n o g r a p h s c r i e s ( 2 0 0 2 ) . 6 . 1 4 9 - 1 6 6 
THE PRESENT STATUS OF THREAT TO THE CADDIS 
FLIES (TRICHOPTERA) FROM THE RIVERS $OME$, 




The distribution of Trichoptera was analysed at 31 sampling sites distributed along 
different water courses, tributaries of the rivers Some?, Mure$ and the three Cri§uri, in 
order to determine characteristic associations of caddis flics species in the different 
sectors of these rivers. Beside the personal observations, the author's aim is to 
summarize most of the published information, as well as results of personal collecting 
data concerning caddis fly taxa which are vulnerable, endangered or already destroyed 
by human activities, with notes on altered, endangered or vulnerable habitats of 
Trichoptera from these catchment areas. Altogether 193 species of caddis flies have 
been observed since 1898 along rivers. A number of 11 species have bccome extinct in 
the area investigated, mostly from the large rivers and eutrophic or oligotrophy pools, 
in the catchments area. The other 184 species can be categorized into five groups on 
the basis of their conservation status: unknown (or insufficiently known), endangered, 
vulnerable, presumed vulnerable and not threatened. The unknown (or insufficiently 
known) are those that have been collected before the nineties, the recent studies do not 
confirm their presence in the area investigated, but they could be still present. Their 
habitat must be studied in the future. The endangered spccics have a few, small and 
isolated populations, most of the endemic and relict species also belong to this group. 
Most of the endangered species are living in sources, mountainous brooks and hilly 
streams. 
The situation of the threatened caddis flies can differ from a river system to an 
other. The number of species dwelling in the springs and brooks in the mountainous 
and sub mountainous area is still very high. The caddis fly community of the lower 
sector of these rivers is rather poor and uniform in relation with the sectors in the 
mountainous and hilly areas, with spccics having wide ecological tolerance. Probably 
a certain improvement of the water quality of these rivers is responsible for this. 
Keywords: Trichoptera, faunistical list, Some§, Mure?, Cri§uri river systems, 
endangered species, extinction, conservation 
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introduction 
The prcsencc or abscncc of organisms is related to biotic and abiotic factors. The 
repeatability of these relationships can be used for marking water typologies and water 
quality assessments. Organisms and communities, like caddis flics, function in this 
way as bioindicators. Mercovcr, human activities have their impact on streams and 
rivers, causing changes in the original circumstances. Under the new conditions, 
alterations in the composition of the community arc observed, and here again 
organisms can act as bio-indicators of the new situation or maybe even of the 
alteration (HIGLER and TOLKAMP, 1982). This required a long term study of the 
water bodies, and a comparison of the published data with the personal observations is 
also necessary for underline the evolution trends of the community and the possibility 
of rcstauration of the endangered or distroyed habitats. 
The main tributaries of Tisa in Romania arc the rivers Some§, Murc§ and the three 
Cri$uri, with a cathcment area which covers almost the whole Transylvania, divided in 
mountainous, hilly and lowland sectors. These three rivers receive numerous 
tributaries in the catchment area (UJVAR1, 1972). 
The Some? river system has a total surface of the catchment area of 15 217 km, 
and is found in the northern part of the Transylvanian basin, the origins of the water 
courses wich form the spring sector arc in the Apuseni, Gutái, Jibles, Rodnei, 
Bárgáului and Cálimani Mountains. The largest tributaries are Somc§ul Marc and 
Somejul Mic. 
The three Cri§uri rivers and its tributaries come from the northern, western and 
southern part of the Apuseni Mountains, the whole river system has a surface of 14 
880 km in Romania. The largest tributaries are the Ierul, Barcául, Cri§ul Rcpcde, 
Cri$ul Negru and Cri?ul Alb. 
The Mure§ river system spreads over on a surface of 27 919 km in Romania. The 
majority of the tributaries came from the Eastern and Southern Carpathians and from 
the Apuseni Mountains. The largest tributaries are: Tárnává Micá, Tarnava Marc, 
Ludu§ and Arie§. 
The total number of the Romanian caddis fly spccics is uncertain. CIUBUC (1993) 
listed 267 caddis flies. In addition BOTO$ANEANU (1993) citcd other 12 species 
new to the country fauna, two years later (1995) the same author published important 
new data and commented on the prcsencc and absence of a number of species, 
previously citcd from Romania. Based on the last few years' intensive investigations, 
made by the author mainly along the mountains brook on the Eastern Carpathians, 
other six new spccics for the country's fauna have been recorded (ÚJVÁROSI, 1995, 
1997, 1998, ÚJVÁROSI, NÓGRÁDI, 1999). 
Up to the present a number of 193 species of caddis flies have been recorded from 
the Romanian section of the rivers Some§. Mure? and Cri§uri catchment area, wich 
represent about 65-70 % of the whole Romanian fauna. 
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Material and methods 
Adults of triehoptera were sampled along the rivers Some?, Mure? and the three 
Cri?uri and their tributaries. Three customary collccting methods were applied in our 
ficldwork, between 1994-2000. Daytime sweeping resulted in a small material, but a 
few specics were collected only by this way. Night personal collecting ("lighting") 
was usually very fruitful. We always used mercury-vapor bulbs (160 or 250 Watts). 
These lamps were powered by a portable generator (Honda EM650 or EG550 types). 
In addition in 1994 and 2000 two light traps were operated, one in Florc?ti, near the 
left side of the river Somc?ul Mic, tributary of Some? and another near the Valea Ierii 
village, in the Iara Valley, along the Iara brook, a small tributary of Mure? from the 
Apuseni Mountains. We did not collect and study immature stages as they arc rather 
unsatisfactorily known, especially in the case of the rare and endemic species. 
A number of 129 species were collected and examined, wich represent 66,83 % 
from the total number of species recorded from this area. 
Sampling sites 
The sampling sites, situated mostly along the tributaries of the rivers mentioned 
above, were located at different altitudes (from 110 to 1400 m.a.s.l). The collccting 
sites are presented according to the following list (Fig. 1 ): 
River Some? catchment area: 
51. Arcalia, Çieu stream, tributary of Somc?ul Mare river, 330 m 
52. Cluj town, Somc?ul Mic, 340 m 
53. Florc?ti, Some?ul Mic river, 350 m 
54. Chinteni, artificial ponds and channels, 380 m 
55. Doda Pilii, Some?ul Cald river, 940 m 
56. Ic Ponor, Some?ul Cald river downstream to the gorge, 950 m 
57. Chcilc Someçului Cald, 1070 m 
58. Cetatea Râdcsii, a natural cave in the spring sector of the Some?ul Cald river, 
1100 m 
River Mure? catchment area: 
M1. Rcghin town, 390 m 
M2. Rimctea, Piatra Secuiului, springs in rocks, Aric? catchments area, 400 m 
M3. Turcni, Tureni gorge, Turului stream, Aric? catchments area, 410 m 
M4. Subcetate, Tamava Marc river, 465 m 
M5. Rastoli{a, brooks near Mure? river, 490 m 
M6. Androneasa, near Mure?, 500 m 
M7. Poru{, Iara stream, 500 m 
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M8. Po$aga dc Sus, Scarita Bclioara Nature Reserve Area, Arie§ catchments area, 
520 m 
M9. Praid, Tamava Mica river, 550 m 
M10. Valca lerii. Iara river, Arie$ catchments area, 570 m 
M i l . Remctea,Gheorgheni Depression, 730 m 
M12 Vojlobcni, Scnctea. cutrophic pools and moors near Mure§, 780 m 
M13 Retezat, Gura Zlata, mountainous brooks, 800 m 
M14 Aric$cni, springs systems on the sourcc of the Aries river, 840 m 
M15 Bai$oara, mountainous springs at 1385 m 
River Cri$uri catchmcnt area: 
CI Cefa, fischery ponds, 110 m 
C2 Vadul Crijului, Cri$ul Rcpede gorge, 260 m 
C3 Aciuta, Cri§ul Alb river catchmcnt area, 300 m 
C4 Avram lancu, Cri$ul Ncgru river catchmcnts area, 330 m 
C5 Valca Draganului, Dragan stream, tributary of Cri$ul Rcpcdc, 400 m 
C6 Valca Iadului, mountainous brooks at 420 m 
C7 Blajcni, Cri$ul Alb river, 470 m 







21.OF. 21.5F. 22.0F. 22.5F. 2.V0F. 23.5F. 24.0F. 24.5F. 25.0F. 25.5F. 
Fig. 1. Sampling sites in the area investigated (ciplications see in the ten) . 
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Results and discussion 
The total number of trichoptera species is 193, from which a number of 129 
species result from personal investigations. A number of 31 collecting sites was 
studied. A number of 9 trichoptera species arc recorded for the first time from this 
area: Allotrichipallicornis, Tinodes kimminsi, Limnephilus Jlavospinosus, Limnephilus 
incisus, Anabolia furcala, Annitella obscurata. Lithax obscurus, Oecetis notata, O. 
testacea. The presence of another species have not been confirmed during our 
investigations. These species are: Rhyacophila furcifera, R. philopotamoides, 
Synagapetus armatus, S. iridipennis, Agapetus fuscipes, A. rectigonopoda, Stactobia 
maclachlani, Ortotrichia angustella, Hydroptila sparsa, Wormaldia subnigra, 
Hvdropsyche botosaneanui, H. bulgaromanorum, H. ornatula, H. labacarui, 
Polycentropus excisus, Holocentropus picicornis, Lipe phaeopa, Tinodes rostocki, 
Trichoslegia minor, Phryganea bipunctata, P. grandis, Oligolricha striata, 
Oligostomis reticulata. Brachicentrus montanus, Oligoplectrum macidatum, Apatania 
carpathica, Drusus biguttatus, D. buscathensis, Drusus trifidus, Limnephilus 
binotalus, L. fuscicornis, Grammotaulius nitidus, Glyphotaelius peliucidus. 
Phacopteryx brevipennis, Potamophylax milleni, Cliionophylax mindszentyi, 
Melampophylax polonicus gutinicus, Isogamus aequalis, Anisogamtis difformis, 
Micropterna sequax, Chaetopteryx polonica. C. sahlbergi. Psylopteryx psorosa 
carpathica, P. p. gutinensis. P. p. retezatica, Chaetopetygopsis maclachlani. Lithax 
niger, Crunoecia monospina, Atliripsodes albifrons, A. cinereus, Ceraclea 
annulicornis, C. fulva, C. senilis, Ylides kawraiskii, Y. simulans, Oecetis furva, O. 
tripunctata, Setodes viridis, Leptocerus interruptus, Adicella filicornis, Sericostoma 
personatum, Beraeodes minutus. Some of these spccics arc vanished or extinct from 
these river systems. 
The list of caddis fly spccics from the Some?, Mure? and Cri?uri rivers and their 
tributaries is presented in Table 1. The species arc presented with their ecological 
requirement and the present status of threat in the three river systems. 
The caddis flics communities of the upper and lower sectors of these rivers show 
considerable differences. The mountainous region is rich in spccics, the number varies 
from 71 (Some? river system) to 141 (Mure? river system), containing a large number 
of rare and endemic species. Some of these species are characteristic to one or two 
river systems, they do not occur elsewhere, only in the spring sector or they are very 
rare, ex. Rhyacophila aquitanica. R. laevis, R. orghidani, Wormaldia pulla, 
Hydropsyche tabacarui, Plectrocnemia brevis, P. kisbelai, Micrasema minimum, 
Drusus romanicus, Rliadicoleptus alpestris, Potamophylax jungi, P. pallidum, 
Chaetopteryx biloba, Oecetis testacea, etc. Some of these species can be found here in 
high number. In the lower rcachcs of these rivers the diversity of the Trichoptera 
community is considerably reduced, it becomes rather uniform, and only a few species 
with wide ecological tolerance remain here. In the Mure? river system we can mention 
only the followings: Hydropsyche bulgaromanorum, Grammotaulius nigropunctatus, 
Halesus digitatus, Setodes punctatus. In the Some? river systems there were collected: 
Hydropsyche contubernalis, Cheumatopsyche lepida. Ecnomus tenellus, Limnephilus 
griseus, Leptocerus tineiformis, Notidobia ciliaris. The apparently high number of 
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specics in the three Cri$uri river systems (33) could be lower in the present, because 
the bulk of information came from oldest publications (MOCSARY, 1900; 
KERTESZ, 1902; MURGOCI. 1951,1953), and species like Glossosoma intermedium. 
Hydropsyche angustipennis, Orthotrichia striata. Brachicentrsu subnubilus, 
Potamophylax latipennis. Parachiona picicornis, Stenophylax permistus. Silo piceus. 
Sericostoma Jlavicorne, S. personatum, Berae pulíala, Beraeodes miliums arc absent 
in the upper sector of these rivers. Our investigations cover only the mountainous 
sector of these rivers; a more intensive sampling along in the lower sector it is also 
ncccssary. 
The most diverse caddis fly communities were collected in the Murc§ catchment 
area with 164 trichoptera spccics, with a high number of species in the mountainous 
sector (141 spccics). In the hilly region, with intensive agricultural and industrial 
activity, the number of species increased to 57. In the lower sector only 5 spccics were 
recorded. The aquatic communities were almost distroyed or significantly 
impoverished. 
The situation along the Some? catchmcnt area is similar to those of the Mure? 
systems, with 113 species, but in the mountainous sector there were identified up to 
the present only 71 species. The hilly region has still a rich fauna, with 61 species, but 
the lower sector contains only 7 ecological widespread spccics. 
In the three Cri$uri river systems the total number of caddis fly spccics was 103, 
most of these specics being found in the mountainous region (82). Here the hilly 
region contains the lowest number of specics, only 11, but the lowland courscs have a 
relatively high diversity (30 species) as compared with the two previous river systems. 
Categorization of the threatened species 
The most important mention in specics categorization must be done here. After the 
very intensive investigation of the caddis fly fauna of Romania, made mostly by 
BOTOSÁNEANU (1952-1975) and MURGOCI (1951-1959), no futhers results have 
been published for almost 30 years. Only in the nineties some important contibutions 
were published (CIUBUC, 1993, BOTO$ÁNEANU, 1993, 1995), mostly based on 
older collected data. The author started to examínate the caddis fly fauna of these river 
systems in the year 1994. Some of these result have already been published. The 
intensity of our collecting activities was not uniform along the different rivers, but the 
quantity of the collected material helps us to draw some conclusions. In this situation, 
the list of the species presented in each category must be taken carefully. The author's 
aim was to gather all the information witch can serve in the protective and restoration 
activities in the river systems investigated. In the present no spccics arc protected by 
law in Romania. The category used is based on works of KLIMA, 1994, 1998, 
UHERKOVICH and NÓGRÁDI, 1999. 
0 Unknown (insufficiently known). A large number of Trichoptera species from 
each river systems can be introduce here, due to the very few rcccnt publications in the 
last 20-30 years. Our collecting data cover only a part (mostly mountainous and hilly 
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scctors) of these river systems, of all these previously records should be reconsidered 
in the future. 
We can mention here a number of 40 species from the Some? river system, 46 
from the Mure? river system and 65 from Cri?uri river system (sec Table 1). 
1. Extinct or vanished. Here we can mention spccies whose formerly known 
habitats have been anihilatcd or heavily injuried. and authentic specimens have not 
been collcctcd in the last 40-50 years. A large number of river dwelling trichoptcra 
have no reccnt data, even if the identification could be valid. The majority of eutrophic 
pools, for ex., from the suburban area near Cluj, in the Some? river system, have been 
already destroyed by human activities. This was the only known previously record for 
Trichostegia minor in the area investigated. 
We can mention here a number of 11 specics from the Some? river system, 16 
from the Mure? river system and 11 from the Cri?uri river system (sec Table 1). 
2. Endangered. These species have few, isolated populations, generally, with low 
abundance. Due to the favorable local conditions, the number of specimens in some 
localities investigated by us may be high. In this category enter the majority of our 
endemic taxa and some relict or rare specics, with diminishing populations all over 
Europe. 
We can mention here a number of 4 species from the Some? river system, 16 from 
the Mure? river system and 4 from the Cri?uri river system (see Table 1). 
3. Vulnerable. The recent quantity data of these spccies show diminished 
populations in comparison with the previous records, or the distribution area of ccratin 
spccies are limited because of unfavorable changes in the environment. They have 
been observed nowadays sporadical in some placescs. 
Wc can mention here a number of 8 species from the Some? river system, 21 from 
the Mure? river system and 2 from the Cri?uri river system (sec Tabic 1). 
4. Presumably vulnerable. At the present they have strong populations in the river 
systems investigated, althought these populations may decline and shrink due to 
degradation of their habitats. 
Wc can mention here a number of 22 spccies from the Some? river system, 39 
from the Mure? river system and 10 from the Cri?uri river system (sec Table 1). 
The rest of the spccies are not yet threatened. These species arc able to adapt 
themselves to degradation and pollution. Relatively few ceratin specics of trichoptcra 
belong to these (more or less discussable) group, and the reactions to the source of 
pollutions must be investigated for each spccics in the future for a correct evaluation. 
We can mention here a number of 30 specics from the Some? river system, 29 
from the Mure? river system and 11 from the Cri?uri river system (see Table 1). The 
majority of these spccics are stream dwelling spccics in the mountainous area, where 
the water quality is still good or acceptable. This situation should be changed in the 
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future, if we do not make efforts to keep the recent habitats of these species clear and 
unpolluted. 
Tab ic 1. 
River systems-. S Somes r iver c a t chmen t a r e a . M - Mure» r ive r c a t c h m e n t a r e a . C - C r i s u l r ive r 
ca t chmen t a r e a . Mo - m o n t a i n o u s a r e a . H - hilly region, t . - lowland sector 
Ecology-. E, G - all types of r u n n i n g wa te r . K - c r ena l . K - r i t h r a l . P - p o t a m a l . I. - s t and ing w a t e r . M 
marches , H - h y g r o p t e r i c b iocenosls . 
Source of information-. * only pe r sona l collect ing d a t a , ° only b ib l iog raph ica l quo ted da t a , pub l i shed 
be fo re 1975, . - up to the p resen t have no publ i shed da ta f rom tha t r ive r sys tem, + - p r e s e n t , - absen t 
The present status of treath: 0 unknown or unsuff ic ient ly known; 1 - ext icnl of van i shed ; 2 
e n d a n g e r e d ; 3 - vu lne r ab l e ; 4 - p r e s u m e d vu lne rab le ; n - not t h r e a t e n e d 
F. S Mo H L M Mo II L C Mo H L 
RHYACOPIIILIDAF. 
1 Rhvacopliilu aquitanica 
McLACIIL.,1879 
R 3 + - - 3 + - -
2 Rhvacophila fasciata II AGEN, 1859 R,P n + - n + - - n + 
3 Rhvacophila fureifera KLAPALEK, 
1904° 
R 3 + - -
4 Rhvacophila laevis PICTET, 1834 K 0 + 4 + - 0 + -
5 Rhvacophila mocsaryi KLAPALEK, 
1898 
R 4 + - - 4 + - - 0 + - -
6 Rhvacophila motasi 
BOTOSANF.ANU. 1957 
K.R 2 + - - 0 + - - 0 + - • 
7 Rhyacophila nubila (ZETTERSTF.DT, 
1840) 
R.P n + + - n + + - n + + • 
8 Rhvacophila obliterara 
McLACIILAN. 1863 
R n + + n + t - it + + -
9 Rhvacophila orgliidani 
BOTOSANF.ANU, 1952 
R 3 + - - 3 + - - 0 + - -
10 Rhvacophila philopolamoitles 
McLACIILAN. 1879° 
K.R 0 + - - • 0 + - -
11 Rhyacophila polonica 
McLACHI.AN, 1879 
R 4 + - - 4 + - - 0 + - -
12 Rhyacophila torrentium PICTET, 
1834 
R 0 + - - 4 + - - 0 + - -
13 Rhvacophila tristis PICTET, 1834 R 0 + 4 + - 0 + -
Glossosomatidae 
14 Glossosoma hoi ton i CURTIS. 1834 R.P 4 + + 0 + 
15 Glossosoma conformis NEBOISS, 
1963 
R 0 + - - 3 + - - 0 + - -
16 Glossosoma discopliorum 
KLAPALEK, 1902 
R • 0 + - - 0 + - -
17 Glossosoma intermedium 
KLAPALEK. 1892 
R 2 + - - 1 - - + 
18 Synagapelus armatus (McLACIILAN, 
1879)° 
K 0 + - -
19 Synagapelus iridipennis 
(McLACIILAN, 1879)° 
K.R • 2 + - -
20 Synagapelus mose/v (ULMER. 1938) K.R 2 + 
21 Agapetusdelicatulus McLACIILAN, 
1884 
R.P 4 + + - • 
22 Aga¡tetus fuscipes CURTIS, 1834° 0 + 
23 Agapetus laniger (PICTF.T. 1834) R,P 0 + - n + + - 0 + 
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T a b l e 10. ( c o n t i n u e d ) 
E S Mo II I. M Mo II L C Mo It L 
24 Agapelusochripes CURTIS, .834 R,P n + - -
25 Agapelus rectigonopoda 
BOTOSANEANU. 1957° 
R.K • 2 + - -
llydropiilidae 
26 Slactobia maclaclilani KIMM1S, 
1949° 
H • 0 + - -
27 Orthoiricliia angustella 
McLACHLAN. 1865° 
R,P,L • 0 - + - 0 - - + 
28 Oxvelhira flavicornis (PICTET, 1834) P,L n - + 0 - - + 
29 llytrichia lamellaris EATON, 1873 R.P 0 - + -
30 Hydroptila frocipata (EATON, 1873) R.P n + n + - n + -
31 Hvdroplila lotensis MOSELY, 1930 P.R 0 - + 3 + + - 0 + -
32 Hvdroptila simulans MOSELY, 1920 R.P 0 + - -
33 Hvdroplila sparsa CURTIS, 1834° P , 0 - + - , 
34 Agravlea sexmaculala CURTIS. 1834 1. n - + - 0 - - + 
35 Alloirichia pallicornis (EATON, 
1873)* 
R.P • 3 + - -
Philopotamidae 
36 Philopoiamus montanus DONOVAN, 
1813 
R 0 + - - n + - - n + -
37 Philopoiamus variegatus (SCOPOLI, 
1763) 
R n + - - 0 + - - 0 + -
38 Wormaldia occipitalis (PICTET, 
1834) 
H,R 0 + - - 4 + + - 0 + -
39 Wormaldia pulla (McLACHLAN, 
1878) 
K,R 0 + - - 2 + - -
40 Wormaldia subnigra (McLACHLAN, 
1865)° 
R.P 0 + - - • 
Hydropsycliidae 
41 Hvdropsvche angustipennis (CURTIS, 
1834) 
R.P n - + - n + + - I - - + 
42 Hydropsyche botosancanui 
MARINKOVIC. 1966° 
R 0 + - -
43 Hydropsyche bulbifera 
McLACHLAN. 1878 
R.P n - + - n + + - 0 + - -
44 Hvdropsvche bulgaromanorum 
MALICKY, 1977° 
P 0 - - + 0 - - + 
45 Hydropsyche contubernalis 
McLACHLAN, 1865 
R.P n - + + n + + - n + + + 
46 Hvdropsvche fulvipes CURTIS. 1834 R 0 + - - 0 + • 
47 Hydropsyche instabilis (CURTIS. 
1834) 
R • n + + - n + - -
48 Hvdropsvche modesla NAVAS, 1925 R.P n + n + - n + 
49 Hvdropsvche ornalula McLACHLAN, 
1878° 
P.R • 0 - + -
50 Hvdropsvchepellucidula (CURTIS, 
1834) 
R.P n + + - n + + - n + + -
51 Hydropsyche saxonica 
McLACHLAN, 1884 
R.P 4 - + - 4 + + - 0 + - -
52 Hydropsyche tabacarui 
BOTOSANEANU, I960" 
R 2 + - - 2 + - -
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53 Cheumaiopsyche lepida (PICTF.T, 
1834) 
R.P n + + 4 + + - 4 + 4 -
Polycentropodidae 
54 Neureclipsis bimaculata (LINNE, 
1758) 
P.R 4 - - 4 - + * 
55 Plectrocnemia brevis McLACHLAN, 
1871 
K.R 3 + - -
56 Plectrocnemia conspersa (CURTIS, 
1834) 
K.R • 4 - - 4 + -
57 Plectrocnemia kisbelai 
BOTOSANEANU. 1976 
R 2 + - -
58 Polycentropus excisus KLAPALF.K, 
1894° 
R 0 + - -
59 Polycentropus ftavomaculatus 
(PICTET. 1834) 
G 0 + - 4 + - - 0 + -
60 Polycentropus irroratus CURTIS, 
1835 
R 2 + - -
61 Holocentropus picicornis 
(STEPHENS, 1836)° 
L.M 2 + - -
62 Cvrnus trimaculatus (CURTIS. 1834) L.P.R 4 + - - 0 + -
Psychomyiidae 
63 Psychomyiapusilla (FABR1CIUS, 
1781) 
P.R.L n + + - n + + - n + 
64 l.ypephaeopa (STEPHENS, 1836) ° L.P.R 0 + -
65 Lype reducta (HAGF.N, 1868) R.P 0 + 3 + + 
66 Tinodes kimminsi SYKORA, 1962* k 2 + -
67 Tinodes rostocki McLACHLAN, 
1878° 
R.K 4 + - - • 4 + - -
Ecnomidae 
68 Ecnomus tenellus (RAMBUR, 1842) L n - + + n - + -
Phryganeidae 
69 Trichostegia minor (CURTIS. 1834) ° L,P 1 + 
70 Agnpnia pagetana CURTIS, 1835 L 4 + . 
71 Agrypnia varia (FABRICIUS. 1793) I..M n + n + + -
72 Phryganea bipunctata RETZIUS, 
1783° 
L 1 - + -
73 Phryganea grandis LINNE, 1758° L 1 + + 0 + -
74 Oligotricha striata (LINNE. 1758) ° L 0 + + 0 + i + + 
75 Oligostomis reticulata (LINNE, 1761) 
o 
G 1 - + - • 
Rraehycentridae 
76 Rrachicentrus montanus KLAPALF.K, 
1892° 
R 1 + - - 0 + -
77 Brachicentrus subnuhilus CURTIS, 
1834 
P 4 + - - 0 - - + 
78 Oligoplectrum maculatum 
(FOURCROY, 1785)° 
P,R 0 - + - 0 + + - • 
79 Micrasema minimum McLACHLAN, 
1876 
R 3 + - - 0 + - -
Limnepliilidae 
80 Ironoquia dubia (STEPHENS. 1837) R 3 + + -
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81 Apalania carpathica (SCIIMID. 
1954)° 
K.R 0 + - - • • 
82 Drusus biguttatus (PICTF.T, 1834) ° R.K , 0 + - -
83 Drusus brunneus KLAPALF.K. 1898 R.K 0 + - - 4 + - - , 
84 Drusus buscalhensis 
BOTOSANP.ANU, I9600 
K,R • 2 + - -
85 Drusus discolor (RAMBUR. 1842) R 0 + - - 0 + - -
86 Drusus romanicus MURGOCI & 
BOTOS.,1954 
R 2 + - - 0 + - -
87 Drusus lenellus (KLAPALEK. 1898) R 0 + - 0 + - - 0 + - -
88 Drusus trifidus McLACIILAN, 1868° K.R 0 + - -
89 Ecclvsopteryx dalecarlica 
KOLF.NATL 1848 
R n + - - n + - - n + - -
90 Ecclysopleryx madida 
(McLACIILAN. 1867) 
K 0 + - - 4 + - - 0 + + -
91 Limnephilus affinis CURTIS. 1834 G n + + - n + + - 0 + 
92 Limnephilus auricula CURTIS. 1834 L n + + - n + - - 0 + + 
93 Limnephilus binotaius CURTIS, 
1834° 
L 1 - - + 
94 Limnephilus bipunctatus CURTIS, 
1834 
1..R 4 + + - 4 + + - 1 + + + 
95 Limnephilus coenosus CURTIS. 1834 R.M 3 + + -
96 Limnephilus decipiens (KOLF.NATI, 
1848) 
L,R 4 - + - n + - - 4 + - -
97 Limnephilus extricatus 
McLACHLAN, 1865 
G n + - n + + - 4 + - -
98 Limnephilusflavicornis (FABRICIUS, 
1789) 
L 4 + + - 0 - + - 4 - + + 
99 Limnephilus flavospinosus (STF.IN, 
1874) • 
L 0 + - -
100 Limnephilusfuscicornis RAMBUR, 
1842° 
L 1 - + - 0 - + - I - - + 
101 Limnephilus griseus (LINNF., 1759) G n + + + n + + - 0 + + 
102 Limnephilus liirsulus (PICTET. 1834) L.P.R 4 + + - 3 + - -
103 Limnephilus ignavus McLACHLAN, 
1865 
I.,R • 4 + - -
104 Limnephilus incisus (CURTIS. 1834) * L 0 + - - • 
105 Limnephilus lunalus CURTIS, 1834 L n + + - n + + 0 + 
106 Limnephilus rhombicus LINNE, 1758 G n + n + + II + 
107 Limnephilus sparsus CURTIS. 1834 G n + + n + 
108 Limnephilus stigma CURTIS, 1834 G 4 + 0 + 
109 Limnephilus viltaius (FABRICIUS, 
1798) 
L.R n + + - n + + -
110 Grammolaulius nigropunclalus 
(RF.TZ1US, 1783) 
G 4 + + - 4 + + + 0 + + -
111 Grammolaulius nitidus (MULLER, 
1764)° 
L,P 1 - + + 
112 Glypliotaelius pellucidus (RETZIUS, 
1783)° 
G 0 - + - 4 + - - 0 - - + 
113 Anabolia furcata BRAUER, 1857* L,P , 4 + - -
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114 Asynarchus lapponicus 
ZETTF.RSTEDT, 1848* 
R.M • n + - -
115 Phacopteryx brevipennis (CURTIS, 
1834)° 
L.M (1 + - 3 + - - • 
116 Rliadicoleptus alpestris (KOI.F.NATI, 
1848) 
R.M.K 3 + - 3 + - - 0 + - -
117 Potarnoph vlax cingulatus 
(STEPHENS. 1837) 
R 3 + - 4 + - • o + - -
118 Polamophvlax ¡ungí MEY, 1976 R 2 + - - 2 - + -
119 Polamophylax lalipennis (CURTIS, 
1834) 
R 4 + - 4 + - - 0 + - + 
120 Polamophvlax lucluosus (PILL. & 
MITT., 1793) 
R 4 + - 4 + - - 4 + - -
121 Polamophvlax milleni (KLAPELEK, 
1898)° 
R 3 + - - 1 + - -
122 Polamophvlax nigricornis (PICTET. 
1834) 
R 3 + - - 0 + - -
123 Polamophvlax pallidus (KLAPALEK, 
1900) 
R 3 + - - 0 + - -
124 Chionophylax mindszentvi SCHMID, 
1951° 
K.R 0 + - 0 + - - 0 + - -
125 Halesus digitatus (SCIIRANK. 1781) R.P.I. 0 + 4 + + 
126 Halesus tessetatus (RAMBUR. 1842) C 4 - 0 + -
127 Melampophylax nepos iriangulifera 
BOTOS., 1957 
K.R 3 + - - • 
128 Melampophylax polonicus gutinicus 
BOTOS., 1994° 
K.R 2 + -
129 1sogamus aequalis (KLAPALEK, 
1907)° 
R 3 + -
130 Anisogamus difformis McLACHLAN, 
1875° 
R • 1 • 
131 Parachiona picicomis (PICTET, 
1834) 
K 3 + - 3 + - - 1 + - + 
132 Micropterna nyclerohia 
McLACHLAN, 1875 
R.K n + + - n + + - 0 •f - -
133 Micropterna sequax McLACHLAN, 
1875° 
R 0 + - - 4 + - • 0 + - -
134 Micropterna testacea (GMELIN, 
1790) 
R 0 + - - 0 + - - 0 + - -
135 Stenophvlax permistus 
McLACHLAN, 1895 
R n + + - n + - - 1 + - + 
136 Stenophvlax vibex (CURTIS, 1834) R 4 + + - 0 + - 0 + -
137 Allogamus aurícollis (PICTET. 1834) R 4 + - 0 + -
138 Allogamus dacicus SCIIMII). 1951 R 2 + 
139 Allogamus uncatus (BRAUER, 1857) R 4 + - 4 + 0 + 
140 Chaetopien'X biloba 
BOTOSAÑEANU, 1960 
R.K 2 + - - • 0 + - -
141 Chaetopleryx hosniaca cissylvanica 
BOTOS.. 1994 
R 0 + - - 0 + - - 0 - + -
142 Chaetopten'x polonica 
DZIEDZIELEWICZ, 1889° 
R 3 + - -
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143 Chaetopteryx sahlbergi 
McLACHLAN, 1876° 
R 1 - + 
144 Psvlopien'x curviclavata 
BOTOSANF.ANU, 1957 
R.K 0 + - - 2 + - 0 + 
145 Psvlopien'x psorosa carpailiicu 
SCHMID, 1952° 
K,R 0 + - -
146 Psvlopien'x psorosa gulinensis MEY 
& BOTO'. 1985° 
K.R 0 + - -
147 Psylopteryx psorosa reiezaliea BOTO. 
& SCHN!,1978° 
K,R 0 + -
148 Chaeiopiervgopsis maclachlani 
STEIN. 1874° 
2 + -
149 Annilella laleroproducla 
(BOTOSANEANUI. 1952) 
R 3 + - - 4 + - 4 + -
150 Annilella obscurala (McLACHLAN, 
1876)* 
R,P 4 + -
Goeridae 
151 Goerapilosa (FABRICIUS. 1775) R,P,L 0 - + - 4 + - - 4 + -
152 Liihax niger (HAGEN, 1859) 5 K.R 0 + - - 0 + - -
153 Lilhax obscurus (HAGEN, 1859) * K.R 0 + - -
154 Silo graellsi P1CTET, 1865 R n + - - n + - - 0 + -
155 Silo palUpes (FABRICIUS. 1781) R 3 + - -
156 Silopiceus BRAUER, 1857 R 0 + 4 + I + + 
Lepidoslomalidae 
157 Lepidosioma hirtum (FABRICIUS. 
1775) 
P,R 4 + + - 4 + - -
158 Lasioccphala basalis (KOLENA Tl. 
1848) 
R,P 3 + + + 
159 Crunoecia monospina 
BOTOSANF.ANU. i960» 
R.K 2 + - -
Leptoceridae 
160 Athripsodes albifrons (LINNE. 1758) ° R 0 + - -
161 Aihripsodcs bilincatus (LINNE. 1758) R.P 4 + + -
162 Athripsodes cinereus (CURTIS. 18)4) 
o 
L,P • 1 - + - • 
163 Athripsodes commutatus (ROSTOCK. 
1874) 
R.P 3 + + -
164 Ceraclca annulicornis (STEPHENS. 
1836) o 
L,P 1 + - 1 - + - • 
165 Ceraclca dissimilis (STEPHENS. 
1836) 
L.P 0 - + - n + - -
166 Ceraclea fulva (RAMBUR. 1842) ° L 1 + 
167 Ceraclca senilis (BURMEISTER. 
1839) ° 
L 0 - + -
168 Mystacides azurea (LINNE. 1761) L.P 4 + 4 + + 
169 Mystacidcs lonRicomis (LINNE. 1761) I. n + 1 + -
170 Mystacides nigra (LINNE. 1761) L 0 + -1 + 
170 Ylodes kawrauskii (MARTYNOV. 
1909) ° 
P,R 2 + - 2 + - -
172 Ylodes simulans (TJEDER. 1929) ° P,R 3 - + -
173 Oecetis furva (RAMBUR. 1842) ° L 1 + - -
161 
T a b l e 10. ( c o n t i n u e d ) 
E S Mo II L M Mo II L C Mo H L 
174 Oecetis lacustris (PICTF.T. 1X34) 1 4 - + -
175 Oecetis notata (RAMBUR. 1842) * P.L 0 + - -
176 Oecetis ochracea (CURTIS. 1825) L n - + - II - - + 
177 Oecetis testacca (CURTIS. 1834) * L,P 2 + - -
178 Oecetis tripunctata (FABRICIUS. 
1793)" 
L, P 1 - + -
179 Setodes punctatus (FABRICIUS. 
1793) 
P 0 - + - 0 - + 0 + - -
180 Setodes viridis (FORUCROY. 17X5) ° P 1 - + -
181 Leptoccrus intcrruptus (FABRICIUS. 
1775) 9 
R.P 1 - -
182 Leptoceris tineiformis CURTIS. 1834 L n - + - n - + -
183 Adicclla filicornis (PICTF.T. 1834) ° K , 0 + - - 0 + - -
Sericostomatidae 
184 Notidobia ciliaris (L1NNE, 1761) R,L n + + - 0 + - - 0 - - + 
185 Occismus monedula (HAGEN. 1859) R 3 + - - 1 + - - 3 + - -
186 Scricostoma flavicome SCHNEIDER. 
1845 
R,P n + - - 1 + - + 
187 Sericostoma pcrsonatum (KIRBY <$ 
SPENCE. 1X26) » 
R.K 0 + - - 1 + - - 1 - - + 
Bereidae 
188 Beraea pullata (CURTIS. 1X34) G 3 + + - 3 + + - 1 - - + 
189 Beraeodes minutus (LINNE. 1761)" G 0 + - - 1 - - + 
190 Ernodes articularis (PICTET. 1834) K.R 0 + - - 3 + - -
191 F.modes vicinus (McLACHLAN. 1879) K 2 + - - . 
Odontoceridae 
192 Odontocerum albicomc (SCOPOLI. 
1763) 
R 4 + - - 4 + - -
193 Odontocerum hellenicum MALICKY. 
1972 
R 3 + - - 0 + - -
Conclusions 
The Somc§, Mure§ and Cri$uri river systems have a rich trichoptera fauna. Bccause 
of the different geographical and geological conditions, as well as the different sources 
of pollutions wich act along the river vallycs, the present status of threat of the 
trichoptera communities in these rivers can differ strongly. The trend of changes is 
directed towards the impoverishment of the caddis flies, with specific situations in 
each river sectors. A large number of stream dwelling trichoptera caddis flies in the 
mountainous area have strong populations, althought these populations may decline 
due to the degradation of habitats, mostly near localities (villages, towns). The high 
scientific value of these habitats consists in a large number of endemic or relict species 
developed in the spring sectors wich arc strongly endangered by the wood-cutting 
actions here. In the mountainous area the construction of the dam-lakes (ex. in valleys 
of the Some$ul Cald and Some$ul Rece rivers) modified the water flow in these rivers. 
In addition, the unregulated tourism and construction of cottages can accelerate the 
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disappearance of some suitable habitats or sensitive species. The large agricultural 
crops in the immediate vicinity of the river banks, mostly in the middle and lower 
sections, pollute seriously the water with fertilizers and pesticides. The communal and 
industrial sewage-production of the industrial establishments along the middle and 
lower sector of these rivers is so intense that in some sectors it destroys the original 
fauna, some species have disappeared completely. The lower sector of these rivers 
becamc uniform, with a few ecologically indifferent species. 
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SPECIES AND SUBSPECIES OF FISH AND LAMPREYS 
ENDEMIC OR ALMOST ENDEMIC TO THE DRAINAGE 
AREA OF THE TISA RIVER 
Pctru M. Banarescu 
Abstract 
Endemie to a small thermal pond in the Tisa basin is Scardinius racovitzai, 
probably a recent offshoot of S. erythrophtalmus\ almost cndcmic is the predatory 
resident lamprey Eudontomyzon danfordi, of a genus displaying a disjunct European-
Eastern Asian range. The subspecies Sabanejewia balcanica radnensis is endemic to 
the upper sector of the tributary river Murc$; the populations of the middle and lower 
reach of this river, which are morphologically closer to the subspecies balcanica are 
genetically closer to radnensis. 
Keywords: fish, lampreys, cndcmics, Tisa River basin 
The Tisa river is the largest tributary of the Danube. Two species of lampreys and 
eight of bony fish, or ten, if wc consider the Macedonian subspecies Gohio 
uranoscopus elimeius and Zingel streber balcanicus as specifically distinct from their 
Danubian relatives, arc cndcmic to the catchment area of the Danube, but only three of 
these twelve species are widely distributed throughout the entire Danube basin, 
including the Tisa River and its tributaries: Gobio uranoscopus. Gymnocephalus 
schraetser and Zingel streber. The lamprey Eudontomyzon vladykovi and the fish 
species Rutilus pigus and Sabanejewia romanica arc present in a small area of the Tisa 
drainage, but the largest part of their range includes sectors of the Danube outside the 
Tisa River system. Four other Danube basin endemics do not live in the Tisa River 
system. Finally, one fish, Scardinius racovitzai is endemic, and the lamprey 
Eudontomyzon danfordi is almost endcmic to the Tisa system, while the subspecies 
Sabanejewia balcanica radnensis is endcmic to the system of the river Mure?, the 
largest tributary of the Tisa. 
The rudd Scardinius racovitzai has been dcscribcd by Müller (1958) from a small 
thermal pond at Bäile Episcope$ti (formerly Püspök-Fürdö, Bischofsbad) on the 
rivulet Pcjea, tributary of the Cri§ul Rcpcde River, Tisa drainage area. Bänärescu 
(1964) considered it only a subspecies of the widely ranging, Central European 5. 
eiythrophtalmus. New studies demonstrated that there arc not only slight 
morphological and stronger physiological differences between the two species, but 
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also behavioral ones (Craciun, unpublished PhD dissertation). S. racovilzai deserves 
therefore a specific rank (see also Kottelat, 1997). 
Miiller (1958) considers, in the original description of the S. racovilzai, that this 
species may have an old, possibly a Miocen origin, deriving from the fauna which 
inhabited Europe when the continent enjoyed a subtropical climate. I personally 
believe that this species is a recent derivative of the Central European common rudd, 
S. erylhrophtalmus. A thorough comparison, using also molecular techniques, of both 
species and of the three other members of the genus (an Italian and two Greek species 
- Kottelat, 1997) is necessary for clarifying the problem. 
Eudontomyzon danfordi is a predatory species of lampreys present in the upper 
stretches of the Tisa and of all its tributaries which have a montane sector, except the 
southernmost one, the Bcga in the Banat (fig. 1 - note that the species inhabits all 
tributaries of the Tisa in Slovakia, but is absent from all direct tributaries of the 
Middle Danube). Outside the drainage area of the Tisa, E. danfordi is present also in 
one or two rivers in the Banat: the Timi? (with its subtributarics) and, according to 
information which need verification, the Cerna (fig. 1). 
It is worth mentioning that E. danfordi is, besides E. morii and the three species of 
Ichlhyomyzon, one of the few predator lampreys sedentary in rivers; most of the other 
predatory lampreys are migratory (anadromous) and all other sedentary spccies are 
non predatory (contributors in Lee et ai., eds, 1980; Hardisty in Holcik, ed., 1986). 
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The genus Eudontomyzon comprises four other species: 
1. the non-predatory E. vladykovi in the drainage area of the upper and middle 
Danube (sympatric with E. danfordi in Timi? River and its tributaries) (Banarcscu, 
1969); 
2. the non-predatory E. muriae in the drainage area of the lower Danube, in the 
more eastern rivers on the northern watershed of the Black Sea (Dnjestr or Nistru, 
Dnjepr or Nipru etc.), in the river Vistula (Baltic Sea watershed), possibly also in the 
Vardar (Aegean Sea watershed) and the Drin River (Adriatic Sea Watershed); 
Fig. 2. Distribution oí the subspecies of Sabanejen-ia Balcánica in the d ra inage area of the Tisa River and 
in the r ivers f rom the Banal. 1 - S. balcanica hulgarica; 2 - S. baUanica balcanica\ 3 - in te rgrades between 
the subspecies balcanica and bulgaricai 4 * 5 . balcanica radnensis\ 5 - populat ions morphologically closer 
to S. balcanica balcanica but genetically closer to S. balcanica radnensis. 
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3. the non-predatory E. hellenicus in the rivers Strymon or Struma (Aegean Sea 
watershed) and Louros (lonnian Sea watershed) (Rcnaud, in Holcik, 1986); 
4. the little-known, probablly predatory E. morii in the river Yalu. Korea (Holcik, 
in Holcik, 1986). 
The zoogeographic position of £. danfordi, and of the genus Eudontomyzon cannot 
be established until the relations between the Eastern Asian E. morii and the four 
European species are clarified. 
The subspecies Sabanejewia balcanica radnensis is endemic to the upper sector of 
the river Mure$, between the headwaters and the town Reghin. The populations from 
the middle and lower Mure?, downstream Reghin and the tributaries are 
morphologically more similar to the subspecies S. balcanica balcanica, which lives in 
the other tributaries of the Tisa, Tur, Some?, Cri$ and in the rivers from the Banat 
(Bega, Timi$) than to radnensis and arc therefore reported in the literature as 
balcanica (Banarcscu, 1964; Banarescu et al., 1973). 
There is, however, an important difference between the presumed balcanica from 
the middle and lower sectors of the Mure? and the true balcanica from the rivers 
Some?, Timis etc. In the lower sectors of the latter rivers a gradual and continuoaus 
intcrgradation takes place between the "typical" balcanica from the upper and middle 
sectors and the subspecics S. balcanica bulgarica, which lives in the Danube and Tisa, 
the specimens from the lowermost stretches of these rivers being almost typical 
bulgarica (fig 2). 
No such intergradation takes place in the lower sector of the river Mures. The 
populations remain morphologically unchanged from the middle sector to the 
confluence of the river with the Tisa. At the confluence they meet on a length of about 
70 km with specimens of bulgarica, living sympatrically with these, without any 
intergradation or hybridization, like "good" species. This proves that the presumed 
balcanica inhabiting the other tributaries of the Tisa is genetically closer to 5. 
balcanica radnensis. The complex "true radnensis" and "middle-lower Mures 
balcanica-like form" build a monophyletic taxon, endemic to the entire Mures River 
system, i.e. to a part of the Tisa River drainage area. 
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FISH SPECIES WITH RESTRICTED RANGES IN THE 
TISA RIVER DRAINAGE AREA 
Petru M. Banarescu 
Abstract 
Among the native fish species from the Tisa River drainage area some are 
restricted to a certain part, or have a disjunct range. The most obvious patterns and 
histories of such distributions arc discussed in the present paper. 
Keywords: zoogeography, ranges, phyletic relations. 
Discussion 
The Tisa river is the largest tributary of the Danube. Two species of lampreys, five 
of sturgeons - three of which are migratory / and 53 of bony fish - gobies of brackish 
water with Ponto-Caspian origin, even if fully adapted to freshwater, being not 
included in this figure, are native to the drainage area of this river. 
None of these species occurs throughout the entire drainage area of the Tisa. 
Montane species - Salmo trutta, Thymallus thymmalus. Coitus gobio etc. are present 
only in the upper sectors of the Tisa and its tributaries; many others - Abramis 
ballerus, A. sapa, Gynmocephalus schraetser, G. baloni etc. are confined to the Tisa 
River and to the lower sectors of its tributaries. The restricted distribution of these 
species has ecological bases, being not significant in gcnctical or historical 
biogeography. 
Significant are the species restricted to a part of the Tisa basin, although they have 
adequate life conditions also in other parts. 
Two species, the eastern sculpin, Cottus poecilopus, and a dace, Telestes souffia, 
occur only in the upper Tisa and the upper stretches of its tributaries, northern 
(Ukrainian) and southern (Romanian) as well. Their ranges in the Tisa basin are the 
same, but their general ranges, i.e. their biogeographical positions are quite different. 
C. poecilopus is a northern, cold-adapted species, ranging from the Scandinavian 
Peninsula and north-eastern European Russia to the northern and eastern Carpathians 
in the drainage areas of the Danube, Nistru and Vistula. Its range in the Danube basin 
encompasses the upper sectors of the tributaries of the middle Danube in Slovakia, the 
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upper Tisa River and its tributaries and the northern tributaries of the rivers Siret and 
Prut (Fig. 1) (Antipa, 1909; Vladykov. 1931; Banarcscu, 1964; Harka. 1997; Holcsik. 
personal information), the populations from the southern tributaries of the Tisa and 
from the tributaries of the Siret being the southernmost ones. This species obviously 
has a northern origin and probably entered the Carpathian rivers during the Ice Age. 
Contrary to C. poecilopus, Telestes soujjia has a rather southern distribution; it 
inhabits the drainage area of the Rhone and of other rivers in southern France, that of 
the upper Rhine, the river Soca or Isonzo in the Istria Peninsula, possibly also other 
rivers on the western Balkan watershed, as well as the south-western tributaries of the 
Danube, from Germany to Croatia and Bosnia; a distinct subspecies or closely related 
species: 7'. mulicellus lives in northern and ccntral Italy (Berg, 1932; Vladykov, 1931; 
Bianco, 1979; Leincr and Popovic, 1981; Allardi and Keith, eds., 1991). The range of 
the species is hence widely disjunct, the population from the upper Tisa being quite 
distant from the main range of the species (fig. 2). These populations are also the 
northern-most ones, contrary to those of Cotlus poecilopus, which are the southern-
most ones of their species. 
It is worth mentioning that the two other species of the genus have southern 
ranges, too: T. polylepis is confined to a few small tributaries of the river Sava, the 
south-western area of the Danube drainage and T. lurskyi is endemic to the river 
Cikola on the western Balkan watershed (Banarcscu and Herzig-Straschill, 1998). 
Fig. 1. Distr ibution of Cotlus poecilopus (1) and Hutilus pigus (2) in the basin of the middle and lower 
Danube 
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The disjunct distribution of any species or monophyletic superspecific taxon -
excepting some species with strong dispersal abilities derives from a wider and 
continuous range followed by extinction in a part of this range. It is therefore obvious 
that T. souffia had once a wide and continuous range throughout the drainage area of 
the middle Danube, or even throughout the entire basin of the Danube later, perhaps 
during the Ice Age, becoming extinct from the area between the upper Tisa and the 
River Sava, a south-western tributary of the Danube. 
Restricted to a small area of the Tisa drainage is also the loach Sabanejewia 
romanica, present only in six of the seven south-western tributaries of the Mure? 
River: Scbe§, Cugir, Bcriu, Strci, Ccma Hunedoreana and Dobra (Banarcscu, 1953, 
1964 and reccnt field investigations; fig. 3). The species is absent from the seventh 
south-western tributary of the Mures, the river Pian that flows between Sebc§ and 
Cugir, as well as from the south-eastern and northern ones. Besides the tributaries of 
the lower Danube: Topolni(a, Jiu, Olt (both in Transylvania and south of the 
Carpathians), Vedca and their subtributaries, being absent in the more eastern ones 
(fig- 4). 
Hence, the range of this species is disjunct, too, since there is no direct contact 
between the southern tributaries of the Mure? and those of the lower Danube. 
For explaining this disjunction, and the zoogeographic position of S. romanica, it 
is necessary to determine its phyletic affinities. Two alternative options have been 
proposed in this problem: 
V l a d y k o v , 1931, Berg , 1932 a n d B ianco , 1979 
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Fig. 3. Distr ibution of SabunejeH'ia romanica in the t r ihutar ie of the Mure} River. M - M u r e ; ; T 
Tarnava ; Ar - Arie$: Sb - Sebe?; Pian; Cu - Cugir ; B - Beriu; St - Strc i : RM - Raul Mare: Ce - Cern 
Huuedoreana ; D - Dobra (according to own field inverstigations) 
Fig. 4. General range of Sabanejenia romanica (according to own field investigations) 
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1. This species is morphologically very similar to the widely distributed 5. aurata, 
a species subject to a strong geographical variability, especially in the Danube basin. 
The S. aurata subspecies is more similar to S. romanica is S. aurata vallachica from 
the southern and south-eastern tributaries of the Danube in Romania, the populations 
most similar to S. romanica being those from the rivers east of the range of the later 
species. Based on this similarity, Banarescu ct al. (1972) concluded that the ancestor 
of S. romanica was a subspecies of S. aurata, closcst to S. a. vallachica. Preliminary, 
unpublished elcctrophorctic studies of C. Tesio confirm the phyletic affinities between 
S. romanica and 5. a. vallachica. In the light of this opinion, S. romaniaca originated 
south of the Carpathians and reached the tributaries of the Mure? by means of a river 
capture cither between the headwaters of the Jiu and those of the Strei, tributary of the 
Mure§, or between some Transylvanian tributary of the Olt and the Sebe§, another 
tributary of the Mure?. 
2. Perdices et al. (in press) consider, using mitochondrial DNA techniques 
concluded that S. romanica and S. balcanica (which includes the subspecies formerly 
in S. aurata) are not very closcly related, the closest relative of the former species 
being the Italian S. larvata. The group larvata-romanica is believed to have an older 
age than the balcanica-vallachica complex. Accepting this opinion, it means that the 
restricted and disjunct range of 5. romanica is a relictar, having resulted from the 
reduction of a formerly much wider one. 
Two other species, both endemic to the upper-middle Danube drainage area have 
restricted ranges in the Tisa Basin: Rutilus pigus, recorded only from the lower sectors 
of the Tur and Some$-Szamos rivers in Hungary and Romania (Banarescu, 1964; 
Harka, 1997; fig. 1) and the lamprey Eudontomyzon vladykovi, present only in the 
headwaters of the river Bega, the southernmost tributary of the Tisa (Banarescu, 
1969). 
Finally, a species of rudd, Scardinius racovitzai is endemic to a small thermal pond 
in the system of Crijjul Repcde River, tributary of Tisa. This species is discussed in 
another paper. 
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MODIFICATIONS OF THE FISH FAUNA 
IN THE UPPER TISA RIVER AND ITS SOUTHERN 
AND EASTERN TRIBUTARIES 
I. C. Telcean and P. M. Bânârescu 
Abstract 
In the upper Tisa and its main tributaries on the left shore: Vi§eu, Iza, Sapanta, 
Some§, Barcau, Cri§ul Repcde, Cri§ul Alb, Cri$ul Ncgru and Mure§, there were 
identified a number of 64 fish species and one of lamprey, Eudontomyzon danfordi. A 
number of 54 fish are native species, including an additional endemic species 
(Scardinius racovitzai), and 11 fish species are allochtonous. Some of them have been 
rccolonised in some of the rivers where they were formerly abundant. In the case of 
many of these species, the data represent the last results of our field research carricd 
out along the rivers (during 1992-2001), pointing out that considerable changes of the 
ichthyofauna occured. In the last dccades we attend to the alarming numerical 
decrease of the number of fish species, or the range and numerical modifications of 
fish from some rivers' sections. For the present day a number of 17 native species are 
undergoing a numerical regression or have become almost extinct, and 8 fish species 
have been favoured by the modification of the aquatic biotopes. The natural life 
conditions changed in the river bed, modifying the fish communities, especially in 
those located downstream to the towns. According to the ccological requirements of 
the fish species and their adaptive resources, we propose a number of four fish 
categories, living in many of the studied rivers. The presence of these fish categories 
along the affected strctchcs of the rivers represents a measure for the fish fauna 
changes. 
Keywords: Fish fauna; Tisa River basin; range and numerical modifications. 
Introduction 
The first records about the fish species from the upper Tisa and its main tributaries 
on the left shore (the Transylvanian basin) belong to Fndvalsky (1767), Bcnko (1778) 
Bielz (1853, 1888), Herman (1887) and Vutskits (1918). The data presented by these 
authors mentioned the occurence of the fish spccies from the entire Transylvania and 
some of the tributaries from Hungary. Many of these authors published those papers 
without mentioning the localities where they found the fish specics. A complete 
faunistical list with regard to the freshwater fish specics from Romanian rivers is 
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published by Bänäreseu (1953), and Bänäreseu and Müller (1959). They mention a 
number of 51 fish species from Transylvanian rivers. More details are provided in the 
monograph of Bänäreseu (1964). This is a fundamental work devoted to bony fish 
from the entire Romania. The earlier data about the fish from the Hungarian section of 
Some§ River and the other tributaries of the Tisa River were published by Heckel and 
Kner (1858), Vutskits (1904) and Vásárhely (1960). More recently the fish fauna from 
the Hungarian section of the Tisa rivers' system was mentioned by Harka (1995, 1997, 
1999). The recent papers of Nalbant, and Bänäreseu et al. (1995, 1997, 1999) 
concerning the fish fauna of the Tisa River and its main tributaries: Mure?, Some§, 
Cri?ul Negru, Cri$ul Alb, Cri$ul Repede and Barcäu represent the results of the latest 
field research carried out between the years 1991-1996. The modifications occurred in 
many of the aquatic habitats in the catchment area of the Tisa basin (i.e. dam lakes, 
water amount decrease, pollution and euthrophication of flowing and standing water 
bodies and the owcrfishing) have a negative impact on the fish fauna. We attempt to 
establish the number of species which became extinct or numerically declined in 
certain river sections and, despite of that, which species are favored by human 
activities. 
Materials and Methods 
The present paper is based on the field investigations carried out during the years 
1992 to 2001 in the upper stretch of the Tisa River and its southern tributaries and 
subtributaries (Vi$eu, Vaser, Ruscova, Iza, Mara and Sápánta). We also investigated 
the Romanian stretches of the eastern tributaries of the Tisa: Some?, Cri$ul Repede 
and its subtributaries Barcau and Ier, Cri§ul Negru, Cri$ul Alb, Mure? and its 
subtributaries, as well as the channels connccting the Rivers Cri$ near the villages 
Tárian, Toboliu, Cefa and Homorog, the ponds and oxbows in the Cri§ basin, the 
damlake Tileagd, the ponds from Va?ad, Andrid, Alceu, Miersig and Apateu and 
finally the thermal pond of Báile Episcope§ti (formerly Püspök Fürdő) on the rivulet 
Petea, tributary of the Cri$ul Repede River. 
Results and Discussions 
A number of 64 species of fish and one of lampreys are present in the area under 
study, 54 species of fishes and the lamprey Eudontomyzon danfordi being native and 
eleven fish being introduced. 
According to their abundance and survival capacity, the 55 native species can be 
ascribed to the following categories: 
(a) Ten species arc found in small number and seem to have always been rare, a 
few of them having also undergone a numerical decline or range reduction: Acipenser 
ruthenus (extinct from the middle Some?, surviving in the lower Some§ and the 
Mure§), Anguilla anguilla, Rutilus pigus, Idus idus, Pelecus cultratus. Lota lota, 
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Gymnocephalus baloni, Stizosledion volgense among inhabitants of rivers, Misgurnus 
fossilis and Leucaspius delineatus among those of standing waters. 
(b) Four species have small or very small ranges, however without having 
undergone a numerical decline: Telestes souffia and Coitus poecilopus, confined to the 
upper Tisa basin, Sabanejewia romanica, present only in six south-western tributaries 
of the Mure§ and Scardinius racovitzai endemic to the very small thermal pond Baile 
Episcope?ti. 
(c) Sixteen species underwent a numerical declinc or reduction of the range, 
namely: 
- four inhabitants of standing water: Umbra krameri, Tinea tinea, Scardinius 
erythrophthalmus and Carassius carassius; the latter was some sixty years ago quite 
abundant in all lakes and ponds, but is now almost totally extinct (it seems that the 
species is surviving in small number of individuals only in the thermal pond from 
Baile Episcope§ti, on the lower reach of Cri§ul Repede River). 
- three inhabitants of montane rivers: Eudontomyzon danfordi, Thymallus 
thymallus, Hucho hucho\ 
- six inhabitants of lower and partially middle sectors of rivers: Stizostedion 
lucioperca, Gymnocephalus schraetser, G. cernuus, both Zingel species (Z. zingel and 
Z. streber) and especially Leuciscus leuciscus, which became extinct from the 
Some§ul Mic and Sapanta, surviving, with certainty only in the Cri$ul Repcdc River. 
- three other species inhabiting the hilly and lowland sectors of rivers, but only in 
the fast flowing water, underwent some local decline or even extinction, but still 
remained numerous or even quite abundant on long stretches of other rivers: 
Alburnoides bipunclatus (abundant for example in the upper and middle section of the 
Cri$ul Alb River), Gobio kessleri (quite abundant in the Some?), G. uranoscopus 
(numerous in the rivers Some$ul Mare and Lapu§). 
Sixteen other species have not been affectcd and maintained their former ranges 
and abundance, or underwent only a slight decline: 
- four inhabitants of montane rivers: Salmo irutta, Cottus gobio, Phoxinus 
phoxinus, and Barbus peloponnesius petenyi; 
- one species lives in the submontane and lowland sectors of rivers: Sabanejewia 
balcanica; 
- eleven inhabitants of lowland rivers and standing waters: Esox lucius, Alburnus 
alburnus, Blicca bjoerkna, Abramis brama, A. sapa, Aspius aspius, Rhodeus sericeus, 
Barbus barbus, Cyprinus carpio, Cobilis af. taenia and Silurus glanis; 
(d) Nine specics have been favoured by human activities, increased their number, 
partially also extended their ranges: Squalius cephalus, Rutilus rutilus, Chondrostoma 
nasus, Abramis ballerus, Vimba vimba, Gobio gobio, G. albipinnatus, Orthrias 
barbatulus, and Perca fluviatilis. 
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Changes in the habitat have modified the fish communities and the relative 
abundance of the species, especially downstream to towns. On the base of the 
ecological requirements of the species and reaction to modifications of the habitat, 
four unsharply delimited categories of fish species can be accepted: 
(I) Specialized fish species, each typical for a habitat: 
- Salmo iruiia. Thymallus thymallus, both Coitus species (C. gobio and C. 
poecillopus), Barbus peloponnesius petenyi, Telestes souffia, in montane sectors of 
rivers; 
- Chondrostoma nasus, Barbus barbus, Vimba vimba, Aspius aspius, 
Gymnocephalus baloni, G. schraetser, in lowland rivers; 
- Ciprinus carpio. Blicca bjoerkna, the three Abramis species (A. brama, A. sapa 
and A. balerus), Esox lucius, Silurus glanis, Gymnocephalus cernuus, Stizostedion 
lucioperca, from the lowland and standing waters; 
- Umbra krameri and Leucaspius delineatus in standing waters; 
- Scardinius racovitzai only in thermal waters. 
(II) Sensitive species- again specialized to a certain habitat, but also not tolerant 
to water pollution and other major modifications of the habitat: 
- Eudonlomyzon danfordi and Thymallus thymallus in montane sectors of rivers; 
- Gobio uranoscopus in submontane and partially in the middle sectors of rivers; 
-Sabanejewia romanica in submontane and partially in the lowland sectors of 
rivers; 
- Gobio kessleri, Sabanejewia balcanica, Alburnoides bipunctatus and both Zingel 
species in lowland sectors of rivers with rapidly flowing water; 
- Gobio albipinnatus, Idus idus, Rhodeus sericeus, Gymnocephalus baloni. and G. 
schraetser in sectors of rivers with slowly flowing water; 
- Scardinius erithrophthalmus in stagnant water. 
Most of these species underwent a numerical decline, except Gobio albipinnatus 
which increased its number and extended its range. 
(III) Rare species: 
-Anguilla anguilla and Lota lota - in all sectors of rivers, but everywhere in a 
small number; 
- Hucho hucho in montane rivers; 
- Leuciscus leuciscus in hilly and lowland rivers; 
- Acipenser ruthenus and Rutiluspigus in lowland rivers; 
- Carassius carassius and Misgurnus fossilis in stagnant water. 
(IV) Ubiquitous and tolerant or opportunistic species- tolerate a moderate 
degree of water pollution and living in several habitats: Squalius cephalus, Rutilus 
rutilus. Albumus alburnus, Gobio gobio, Orthrias barbatulus, Cobitis af. taenia, and 
Perca flu via til is. 
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The impact of human ativities on the fish fauna in the various rivers in north-
western and western Romania is not the same. The Tisa and its tributaries are the only 
rivers in western Romania in which Hucho hucho, Telestes souffia and Coitus 
poecilopus are native. The negative influence of human activities is reduced, 
compared to other areas of the Tisa River basin; nevertheless, Telestes souffia and 
cspccialy Hucho hucho underwent a numerical decline. 
The various components of the Some? River draining area have undergone 
different human influences. The Some?ul Mare and its tributaries have not been 
affected; the Some?ul Mic is strongly polluted downstream the town of Cluj; the upper 
sector of the united Some? (downstream the town Dej) is partially polluted, but the 
middle and lower sectors of the river are slightly affected and some sensitive fish 
specics maintain their presence. Downstream of the confluence with the tributary river 
Lapu?, the Some? River bccomcs slightly polluted, but only on a short sector. The 
spccies Rutilus pigus is confined to the lower sectors of the Some? Rivers and its 
tributary, the Tur in both Romania and Hungary. The proportion of the four ecological 
categories of fish spccies which live in the middle and lower Some? River showed that 
the ubiquitous and opportunistic species prevail (fig.l). The sensitive fish species have 
a lower percentage. The specialized fish spccies from the lowland rivers are 













• I.Specialized spccies 
• II. Sensitive specics 
• III. Rare specics 
• IV. Ubiquitous spccies 
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Ecological categories 
F i g u r e 1. T h e p r o p o r t i o n of t he ecologica l c a t e g o r i e s o f f i s h species f r o m the lower S o m e ; R i v e r 
The components of the Cri? River drainage have been variously affected, too. The 
Barcau River suffered both from pollution and reduction of the water discharge; 
Leuciscus leuciscus and Zingel streber became extinct, at least in the Romanian sector, 
Gobio kessleri, Sabanejewia aurata, Gymnocephalus schraetser, formerly numerous 
(1953-1964), are presently very rare. The situation of the three Cri? rivers is better; 
Cri?ul Repede is the only river in Romania in which Leuciscus leuciscus and 
Stizostedion volgense still survive; Cri?ul Negru is the only river in which Zingel 
zingel retains its number; the same river and the Cri?ul Alb being, besides the Nera, 
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the only rivers in which Z sireber is still relatively abundant. Scardinius racovitzai is 
endemic to a thermal pond in the basin of Cri$ul Repede. 
The Mure§ River and its tributaries, especially the Arie§ and the Ampoi, then the 
lower sector of the Cerna (Hunedoara county), partially the Tarnava Marc are the 
rivers of the Tisa basin that arc most strongly affected by pollution and other human 
activities. The proportion of the four ecological categories of fish species from the 
Mure? River reflects the prevailing of ubiquitous and opportunistic specics. Both 
categories of the sensitive and rare fish species arc represented by a minimal 
percentage (fig.2). 
Many rheophylic fish species became extinct, or at least underwent a strong 
numerical decline in long sectors of these rivers. 
60 1 
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Figure 2. The proport ion of the ecological categories of fish specics from the main channel of the Mure> 
River 
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THE PREVAILING ANTHROPOGENIC EFFECTS ON 
CERTAIN SMALLER NORTHWESTERN ROMANIAN 
RIVERS 
Sándor Wilhelm, Akos Harku. Zoltán Sallai 
Abstract 
In the course of the research of Barcau, Crasna and Ier rivers the particular 
damaging effects of the anthropogenic factors were proved and the indicator role of 
some fish specics came into limelight. 
Keywords: ichthyofauna, anthropogenic cffccts, pollution, water draining 
Introduction 
The large-scaled common undertaking of the Pro Europa League from Targu 
Mure? and Tisza Klub from Szolnok resulted in useful outcomes. Naturally, such a 
considerable task took sight at larger rivers above all and less attention was drawn to 
smaller rivers. 
During our research wc set ourselves the task of doing a detailed fish-faunistic 
investigation of those rivers which had been studied to a smaller extent or hadn't been 
studied at all. Thus, in 1997 we investigated the Barcau, in 2000 the Crasna, and in 
2001 the ler. In the course of our work we were able to notice the cffects of the 
anthropogen interference on the fish-fauna. 
Methods 
Lengthwise the rivers already mentioned wc used electric fishing machines and, 
where it was possible, pulling fine-holed nets to take samples from the places 
appointed in advance. 
We let the identified fish back into the river. These results we compared with 
literature data at our disposal which mirror the earlier condition of the rivers, 




On the Bareáu, on the reaches beneath Suplacu de Barcáu, prevail the polluting 
cffccts of crude-oil products due to the activity of refineries. According to the head of 
the water-station in Marghita, the last greater pollution was in 1994. However, the 
media presents periodically news about pollution in the area and even in the Sálard 
area there are petroleum derivatcs in the silt-layer of the shores. The powerful self-
purification process is prevented by the communal sewage of Marghita that flows into 
the river. 
The rich fish stock beneath Suplacu de Barcáu has been drastically reduced both in 
quality and quantity due to the mentioned effects (Harka ct al„ 1998) ( Is1 table). At 
Cohani we were able to collcct 8 specimens of 3 species altogether, from these 6 were 
the representatives of the Pseudorasbora parva species that presented gcncralistic 
characters; one was the chub (Leuciscus cephalus ) and one was the Schneider 
(Alburnoides bipunctatus), that might have been carried off from the upper reachcs of 
Suplacu de Barcáu. 
In the area of Marghita we collected 81 specimens of 7 species. Nevertheless the 
overwhelming majority were Pseudorasbora, while the one piccc of mud loach 
(Misgurnus foss His), collected from an area which is not home for this species, also 
demonstrated eutrophication. 
On the rolling country reachcs from Suplacu de Barcáu to Sániob, this being the 
area most exposed to pollution, the disappearance or the significant damaging of the 
species typical to rolling country could be noticed. 
We weren't able to collect sand-gudgeon (Gobio kessleri) although Bánárescu 
(1964, 1980/81) still found it. Another species that can be declared extinct is the dacc 
(Leuciscus leuciscus). We had caught the last specimen of this species in 1994 at 
Sániob. but during the collcction in 1997 we weren't able to find it. The stock of chub 
(Leuciscus cephalus) and bleak (Alburnus alburnus) has also thoroughly decreased in 
number, while the Schneider (Alburnoides bipunctatus) could not be find at any extent 
downward Suplacu de Barcáu. Of two typically rolling country species, the nose 
(Chondrostoma nasus) disappeared from the most polluted reaches, moreover, 
lengthwise the region we were able to find only a portion of population. The barbel 
(Barbus barbus) died out on the whole reach. The balcan spined loach (Sabanejewia 
aurata) is also represented only in the upward zone of the main polluting source, then 
a portion of population is met on the lowest point of the rolling-country zone, where 
self-purification prevails to a certain extent. 
The effects of the draining of the moorland and the shaping of the river bed can be 
noticed on the Crasna and the Ier. On the Crasna, the moor of Ecedea was drained in 
the period between 1895-1898 (Újvári, 1972). Thus there were gained 37.000 ha of 
arable land of which Romania's share is 92.000 ha. Althrough a thorough assessment 
of the conditions before the draining hadn't been done, Herman (1887) published a 
few data about the fish fauna of the moor and the Crasna. 
If we compare these data with the results of our own research (Harka, Sallai, 
Wilhclm, 2001), it can be proved that valuable native fish species of the area had 
disappeared, such as the crucian carp (Carassius carassius), the tench (Tinea tinea), 
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the mud loach (Misgurnus fossilis) and the mudminnow (Umbra krameri) that is under 
international protection (2nd table). 
On the upper reaches of the Crasna, above Varsolt, there was built a dam and the 
water-pool made here provides Zalau and $imlcul Silvaniei with water. The effects of 
the dam on the fish fauna is illustrated in 3"' table. Allthrough we didn't study the fish-
fauna of the pool, it was obvious that under the dam the fish-fauna is rather poor; the 7 
species being represented by 861 specimens. Nevertheless, 800 specimens of these arc 
represented by 2 species: the perch (Perca fluviatilis) and the sunfish (Lepomis 
gibbosus), which feel themselves well in the small, slowly flowing lake, polluted with 
the dirt of the water filter sets. There is hardly any water in the river bed downward 
the barrage, so above $imleul Silvaniei the bleak (Alburnus alburnus) totals half of the 
261 specimens of 10 species. The communal polluting effect of $imlcul Silvaniei 
gives a sewer's character to the reaches of the river that flows through the town. In this 
manner there arc only 11 species, but the common gudgeon (Gobio gobio), which 
endures well the eutrophic waters, totals almost half of the number of specimens. The 
moorworid of the valley of the Ier was extinguished by 1970, thus 27.600 ha of land 
were reclimed in Bihor county (Sabau, 1997). The dug bed of the Ier was limited by 
dams so the waterflow, which was slow before the shaping of the area, speeded up 
substantially. The process influenced negatively the stagnophile elements, which were 
in overwhelming majority up to that time, but favoured the spreading or the rheophile 
species. 
Unfortunately through assessment of the period preceeding the draining hadn't 
been done. All the data at our disposal results from the occasional collection made 
between 1968-1990 (Banarescu et al., 1997). When comparing these data with the 
results of our regular collections (Wilhelm, Sallai, 2001), we can still draw interesting 
conclusions (4th table). In the course of our research we weren't able to find it, so we 
can dcclare extinct the crucial carp (Carassius carassius) and the bream (Abramis 
brama). The wels (Silurus glanis) has also disappeared. However, we put it on our 
former species-list on the basis of past fishermen's reports. The number of specimens 
and the number of homes of the mudminnow (Umbra krameri) have also decreased 
substantially. It is particularly prominent that the mud loach (Misgurnus fossilis). 
which due to the great stock before the draining gave birth to a special kind of fishing 
along the Ier, has decreased so much nowadays that it is threatened with extinction. 
On the other hand, the number of rheophile elements has increased. The dace 
(Leuciscus leuciscus), the asp (Aspius aspius) and the whitcfin gudgeon (Gobio 
albipinnatus) have appeared. Moreover, we have found the sand-gudgeon (Gobio 
kessleri) and the stoneloach (Barbatula barbatula) on the upper reaches. Interestingly 
enough, after the draining we collected ruffe (Gymnocephalus cernuus), but in the 
course of our last study we were able to find the rheophile balon-ruffe 
(Gymnocephalus baloni) instead of it. 
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2 Anguillu anguilla + 
3 Rutiltis malus 60 20 150 200 120 200 200 200 
4 Scardinius 
eryihrophlhalmus 
[1] 110 10 4 20 
5 Leuciscus leuciscus 1 
6 Leuciscus cephalus 20 80 60 60 1 10 30 15 4 8 100 10 3 
7 Leuciscus idus 1 




10 Alburnus alburnus 10 20 7 3 30 120 10 3 280 100 100 300 
II Alburnoides 
bipunctatus 
30 300 35 250 1 
12 Hlicca bjoerkna 4 4 1 3 20 7 10 
13 Abramis brama 2 
14 Abramis ballerus 1 3 
15 Abramis sapa 0 
16 Chondrosloma nasus 7 1 5 •> 
17 Tinea linca 2 10 
18 Rarbus barbus 2 + 
























19 Gobio ¡¡obio 15 100 25 7 2 500 30 60 10 5 1 
20 Gobio albipinnalus 2 20 200 300 10 200 100 200 
21 Pseudorasbora 
parva 
6 60 400 100 6 3 10 2 1 20 
22 Rhodeus sericeus 1 2 10 60 20 15 150 1 100 800 
23 Carassius carassius 7 
24 Carassius auratus 1 1 2 3 1 300 40 
25 C.yprinus carpió 1 4 
26 Barbatulo barbatulo 150 100 6 3 40 2 
27 Misgurnus fossilis 1 70 
28 Cobitis taenia 2 2 6 20 2 5 30 8 100 
29 Sabanaewia aurata 25 10 30 1 
30 Silurus glanis 2 
31 Ictalurus nebulosus 1 1 
32 ¡clalurus melas [60] 1 3 
33 Salmo trulla fario 30 30 
34 Esox lucius 2 3 4 
35 Lepomis gibbosus 2 2 1 1 1 5 
36 Perca fluviatilis 4 3 1 I 3 1 5 











































Notes: | | from the tributaries 
+ data from fishermen 
? uncertain data 















1 Rutilus rutilas + + 
2 Rutilus pigus virgo i 
3 Scardinius erythrophthalmus + + + 
4 Leuciscus leuciscus i 
5 Leuciscus cvphalus + + + 
6 Leuciscus idus ! 
7 Aspius aspius + 1 
8 Alburnus alburnus + 4 
9 Iburnoides bipunctatus + + 
10 Blicca bjoerbia + 
1! Abra mis brama + + 
12 Chondrostoma nasus | 
13 Tinca tinca + + + 
14 Barbus barbas t 
15 Barbus petenyi + 
16 Gobio gobio + + 
17 Gobio albipinnatus + + 
18 Pseudorasbora parx a + + 
19 Rliodeus sericeus + + 
20 Carassius carassius + + 
21 Carassius auratus + + 
22 Cvprinus carpió + + 
23 Barbatulo barbatulo + 
24 Cobitis taenia + + 
25 Misgurnus fossilis + 
26 Silurus glanis + I 
27 letalurus nebulosus M + 
28 fetalurus nielas + 
29 Umbra krameri + 
30 Esox lucias + + + I 
31 1 uta Iota + 1 
32 Lepomis gibbosus + 
33 Perca puviatilis + + + + 
34 Gymnocephatus cernuus M 
Notes: + present 
[+] maybe present 
! only on Hungarian reaches 
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Bcrveni Va llaj Kocsord Vásáros-
namónv 
1 Rulilus rutilus 4 30 30 60 90 150 30 50 25 
2 Ru ti lus pygus virgo 2 
3 Scardinius 
ervthrophthalmus 
1 2 5 15 
4 Leuciscus leuciscus 2 
5 Leuciscus ceplialus 15 100 1 35 200 100 80 70 40 6 25 20 100 
6 Leuciscus idus 3 10 
7 Aspius aspius 1 6 
8 Alburnus alburnus 50 50 40 150 100 100 100 150 150 170 25 70 300 
9 Alburnoides 
bipunctatus 
1 10 10 1 
10 Blicca bjoerkna 3 7 15 80 70 3 1 
11 Abramis brama 1 1 1 1 20 
12 Chondrostoma nasus 4 
13 Barbus barbus 30 
14 Barbus petenyi 15 60 6 1 1 
15 Gobio gobio 1 20 1 300 60 50 25 4 1 10 30 
16 Gobio albipinnatus 30 10 20 40 10 1 
17 Pseudorasbora 
parva 
5 2 2 2 4 10 1 
18 Rhodeus sericeus 5 3 6 30 100 100 300 150 900 100 
19 Carassius auratus 12 3 40 15 60 10 15 

















Berveni Vallaj Kocsord Vâsâros-
nameny 
20 Barbalula barbatiila 300 40 5 3 1 
21 Cobitis taenia 10 10 30 30 60 25 50 150 130 4 6 50 
22 Silurus glanis 3 
23 Iclalunis nebulosus 2 2 
24 Ictalurus melas 1 3 
25 Esox lucius 1 
26 Lota Iota 2 
27 Lepomis gibbosus 300 2 1 1 2 
28 Perca fluviatilis 6 500 30 1 
vO Vi 
T a b l e 4. C o m p a r i n g d a t a r e g a r d i n g the fish f a u n a of l e r r ive r 
Crt.nr. Spccies Banarcscuct al.. 1997 Wilhelm. Sallai, 2001 
I Umhra krameri + + 
2 Esox lucias + + 
3 Ruiilus rulilus + + 
4 Scardinius eiyllirophlhalmus + + 
5 Leuciscus cephalus + + 
6 Leucisciis leuciscus + 
7 Leucaspius delineólas + + 
8 Aspius aspius + 
9 Alburnus al humus + + 
10 Blicca bjoerkna + + 
II Abra mis brama + 
12 Rhodeus sericeus + + 
13 Gobio gobio + + 
14 Gobio albipinnalus + 
15 Gobio kessleri + 
16 Pseudorashora parva + + 
17 Cyprinus carpió + + 
18 Carassius carassius + 
19 Carassius auraius + + 
20 Tinca linca + + 
21 Barbatulo barbalula + 
22 Ktisgurnus fossilis + + 
23 Cobitis taeniu + + 
24 Siluros glanis + 
25 Ictalurus nehidosus + + 
26 Ictalurus nielas + 
27 Perca fluvialilis + + 
28 Gymnocephalus cernuus + 
29 Gymnocephalus baloni + 
30 Lepomis gibbosus + 
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Conclusions 
Fish, as any other organisms living in water, are more at the mercy of the cffccts 
that influence the given environmental conditions than the species living on land. 
Among them, there are only a few generálist species that bear a vast ecological 
spectrum. During our research the Pseudorasbora parva of allochton origin proved to 
suit this description first of all. and perhaps the common gudgeon (Gobio gobio) and 
the roach (Rutilus rutilus). However, the overwhelming majority of fish species have 
speciálist character, thus they arc good indicators of the environmental changes that 
have occurred. This is all the more valid since the fish suffer not only because of the 
direct effect of the changes of the abiotic factors, but since the majority of them arc on 
a higher level of the food chain, they experience the effects of the changes on the food 
organisms and thus also the indirect effect. 
As we have seen, the water-technical interferences have a drastic cffect that change 
the quality and quantity of the fish-fauna. So we disapprove the construction of the 
water pool on the reachcs upward Suplacu de Barcáu on the Barcáu, thus changing the 
fish fauna of a river reachcs that wc found closc to natural. 
As far the Ier is concerned, we made the proposal plan, with necessary reasons, of 
the backmooring of the area. Nevertheless the competent authorities haven't done 
further steps since the drafting of the plan. Reducing the chemical pollution, the 
resettlement of the nose (Chondrostoma nasus), and the barbel (Barbus barbus) on the 
rolling hills reches of the Barcáu might be possible if the remaining population have 
drawn up successfully and survived in the branch rivers. The study of this question 
figures in our plans for this year, all the more sincc during the assessment of the fish 
fauna of the Bistra stream (Wilhclm, 1991) we noticcd promising signs. However, it is 
to be feared that if the waterpool being in construction will have the same effects on 
the water condition of the Barcáu, as the waterpool of Varsolt on the Crasna: the 
extinction of the remaining population instead of the resettlement of the missing 
population can't be left out of account. 
The upset ecological balance resulting from human interference, the numerous fish 
populations that have grown weaker or disappeared have created the possibility of the 
settlement of allochtone species which have occupicd the ecological niches that 
remained vacant. After the German carp (Carassius aura tus), the brown bullhead 
(Ictalurus nebulosus pannomcus) and the sunfish (Lepomis gibbosus) has appeared the 
black bullhead (Ictalurus melas), that were first showed in the Icr (Wilhclm, 1998), 
but we have also found it in the Barcáu (Harka et al., 1998) and in the Crasna (Harka, 
Sallai, Wilhclm, 2001). As a conclusion, the appearance of new fish species can be 
expected in the foreseeable future. 
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MAJOR THREATS FOR AMPHIBIAN AND REPTILES 
SPECIES IN THE TRANSYLVANIAN RIVERS' BASINS. 
RECOMMENDED MONITORING METHODS 
Mara Gyöngyvér 
Abstract 
The author tries to identify the major threats for amphibian and reptile species in 
the Transylvanian rivers' basins. The herpetological investigations were performed 
during summertime in the hydrographic basins of Cri?ul Negru, Some? and Olt rivers, 
in the period 1997-1999. Two monitoring methods were used, occasional findings and 
information from local people. The most important factor in the dcclinc of 
herpetofauna from Transylvanian river's basins seems to be the loss of natural 
habitats. But the author considers that it is the time for quantitative field research, for a 
better study of herpetofauna conservation status. Finally, a few monitoring methods 
are proposed. 
Keywords: Transylvanian rivers, reptile, monitoring methods. 
Introduction 
The loss of amphibian and reptiles species is a worldwidely well-known 
phenomenon. The freshwater organisms, as well as the amphibians, seem to disappear 
faster than other vertebrate classes (Griffiths & Beebee, 1992). Local and global 
changcs in environmental factors appear to contribute to the decline of amphibians, 
such as: global climatc change, UV radiation, intensive agriculture (use of pesticides), 
infections (viruses, fungi, parasites), habitat destruction, water pollution, introduction 
of other species, introduction of fish (managing fishponds). However, it is becoming 
clear that not all the spccics arc declining and that not one 'global' factor, but various 
complexes of factors are responsible for the decline in different parts of the world 
(Vos & Chardin, 1998). 
In Romania the national Nature Conservation Law (462/2001) and the Bern 
Convention (International Convention on the Conservation of European Wildlife) 
protect the amphibians and reptiles. Unfortunately, in spite of legislation numerous 
habitats of herpetological importance are threatened or even destroyed. The wetlands 
arc among the most threatened ones. The reduction of these habitats is a worldwide 
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problem, it causes habitat fragmentation and significantly reduces the population's 
viability. 
Material and methods 
The herpetological investigations were performed during summertime in the 
hydrographic basins of Cri$ul Negru. Some$ and Olt rivers, in the period 1997-1999. 
The distribution of amphibian and reptile species is better and better investigated in 
Transylvania (Ghira et al. in press), but we have a significant knowledge deficit 
regarding population fluctuations. Amphibians are characterized by considerable 
population size fluctuations during the years that emphasize the importance of long-
term studies. 
The best period for amphibian and reptile species monitoring is springtime, the 
reproducing season, when they can be observed in mass. In other periods of the year, 
amphibian species can be observed sporadically. That's why, two additional 
monitoring methods were used: occasional findings and information from local 
people. 
The river's basins were divided into three main zones: mountainous, between 800-
1800 m; hilly, between 400-800 m; and hillock/plain, between 200-400 m altitude. 
Results 
The highest diversity of hcrpctofauna was observed in the hilly region, closely 
related to the wide variety of habitats. The number of observed amphibian and reptile 
species in the mountain zone is decreased in contrast with the hilly region (Ghira, 
1997; Mara ct al., 1999). The low diversity of herpctofauna in the plain areas is 
explained by the ecosystem's monotony due to the intensive agriculture. We notice the 
dominance of Rana esculenta complex, Laceria agilis and Nairix natrix in every 
region, while Bombina variegala and Angiiis fragilis appear to be common species of 
the hilly region. The other amphibian and reptile species seem to be vulnerable, rare or 
endangered. 
We identified the major threats for amphibian and reptile species in the 
investigated river's basins as follows: 
1. Destruction of wetland habitats (the amphibians, due their biphasie life cycle, at 
least during the breeding season and larval development are closcly related to these 
habitats): 
- Desiccation works, drainage of wetlands (river régularisation works); 
- Transforming backwaters in fishponds, introducing non-native fish species; 
- Intensive agriculture (use of fertilizers and pesticides, mowing) 
- Scorching of reeds, well vegetated adjacent areas. 
2. Water pollution, eutrophication. 
3. Destruction of rocky ecosystcms. 
4. Deforestation, forest fires (damaging hibernation sites). 
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5. Road mortality (killing amphibians on their spring migration and reptiles by 
traffic). 
6. Human consume (springtime, in some places frogs arc traditionally consumed 
and collected in mass by local people). 
7. Tourism, human brutality (killing snake and lizard species, such as Anguis 
fragilis). 
Discussion 
The most important factor in the declinc of hcrpctofauna from Transylvanian 
river's basins is the loss of natural habitats. The amphibian species arc affcctcd by the 
destruction of rcproducing/brccding sites (freshwater ecosystcms) and hibernation 
sites as well (terrestrial ecosystems). The lack of important reptile fauna elements is 
due to the destruction of rocky ecosystems and deforestation. 
The breeding sites (pools, puddles, ponds) of newt species are polluted or even 
destroyed. In mountain regions the alpine (Triiurus alpestris) and Carpathian newt 
(Triiurus montandoni) is threatened mainly by deforestation and destruction of small 
temporary pools by the wood-exploitation works (Necas et al. 1997). Anthropogenic 
effects, as pollution and destruction of springs and streams, cause the low number of 
spotted salamander (Salamandra salamandra). The reduction of suitable habitats 
causes habitat fragmentation and the isolation of populations. When extinction can no 
longer be compensated by recolonisation, the population becomes weaker and even 
extinct. 
The same factors causc the reduction of anuran populations. For the fire-bellied 
toads (Bombina bombina) the most important factor is the loss of habitat (Briggs, 
1997) as a conscqucncc of river régularisation works. Bombina bombina. Pelobates 
fuscus, Hyla arborea and Bufo viridis are declining rapidly in Denmark due to 
disappearance of ponds (33%), water pollution/eutrophication (30-40%) and fish 
introduction (Fog, K., 2000). 
The common toad (Bufo bufo) is threatened mainly by destruction of suitable 
freshwater and terrestrial habitats, and losses can also be caused by habitat 
fragmentation by roads. The most run over amphibian corpses belong to this species, 
because it is the slowest one. 
The brown frog species (Rana arvalis, R. temporaria, R. dalmalina) - beside the 
common threats - are consumed by local people. In springtime hundreds of frogs, 
sometimes common toads are butchcrcd. The populational fluctuation of Rana 
dalmatina in Acroe (Denmark) was caused partly by intensification of agriculture and 
partly by climate changes (Briggs, 1997). The intensive agricultural practices, using 
pesticides and fertilizers, cause water pollution, and in the same time lead to the 
accumulation of pollutans in the organisms of the whole food chain. 
The swamp turtle (Emys orbicularis) is threatened mainly by habitat reduction and 
other anthropogenic interventions. The lizard and snake species arc also threatened by 
habitat destruction (the reduction of rocky ecosystcms and deforestation). In the same 
time, the human brutality and the road traffic causc losses in their populations. 
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Humans kill adder species (Vipera beriis. Vipera ammodytes) and Coronela austriaca 
often misidentificd as common adder. The slow worm (Anguis fragilis) is the only 
snake-shaped lizard specics in the Romanian herpctofauna that is victim of human 
brutality. Habitat fragmentation and the negative effect of roads also have to be 
mentioned. 
Conclusions and proposals 
During the investigation two additional monitoring methods were used, occasional 
findings/visual observation and obtaining information from local people. The last 
method may give information on particular species that were previously recorded in 
the study area. Wc consider that it is the time for quantitative field research, for a 
better study of herpctofauna conservation status. 
We propose the following monitoring methods: 
1. Line counting method. 
It can be performed in habitats or on road by visual observation, and the counting 
lines always have a fixed length (Masing, 1997). The road transcct method is optimal 
if environmental conditions are optimal, even a single night can provide reliable data 
on the presence of amphibian species. Besides the breeding migration in spring, the 
summer migration of juveniles, or autumn migration can be effectively studied (Puky, 
2001). 
2. Road counting call method. 
It was first used as monitoring method in Canada. A relatively straight route 
consisting of 10 sample points (with 0.5 km distance one from another) without 
extraneous noise has to be chosen, and is preferably to reflect a variety of good 
amphibian habitats such as pons, marshes or swamps (Anthony & Puky, 2001). 
3. Square counting method. 
Is a modification of the quadrate sampling method, described by Jaeger & Inger in 
1994, and the counters choose the squares in suitable habitats, where it is expected to 
find a large number of amphibians and reptiles. The counts are calculated per hectare 
(Masing, 1997) 
4. Trapping methods. 
The point counting method (man-made holes) and the cone counting method 
(digging metal or plastic cones into the ground) also can be used for monitoring 
actions. Both are in fact close to the pitfall traps method, and can be used selectively 
for certain species (Masing, 1997). 
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DISTRIBUTION, POPULATION SIZE AND DYNAMICS 
OF THE WHITE STORK (C1CONIA CICONIA L.) 
IN THE UPPER AND MIDDLE OLT RIVER BASIN 
(ROMANIA) 
Ferenc Kósa, László Demeter, Tamás Papp, Friedrich Philippi, 
Hans-Johann Lutsch and Károly György 
Abstract 
Based on the results of the censuses carried out between 1996-2000, the total 
population of the Upper and Middle Olt River Basin is 721 HPa distributed in 304 
localities. The total population of the region can be estimated to approx. 800 HPa. 
About 30% of Transylvanian population and about 16% of Romanian population 
breeds in the study area. From a vulnerability, conservational and monitoring point of 
view it is important to note that ~10% of the localities hold almost half (328 HPa -
45.49%) of the total breeding population of the whole area. The mean population 
density (StD) for the whole area was 5.469 HPa/100 km2. Out of a total of 721 
breeding pairs, 64% were found to nest at altitudes between 500-1000 in and only 36% 
nests within the altitudinal belt of 300-500 m. Most common nest sites are electric 
pylons (45.26%), barns (24.47%) and chimneys (22.48%). Since the 1960-s massive 
changes have been observed in nest site preferences, from buildings to electric pylons. 
The mean JZa and JZm values for the Upper and Middle Olt River Basin were above 
2.0 and 2.5 in 1998-2000. values which arc higher than the estimated JZa and JZm 
values needed to keep the population stable. The White Stork population of the Middle 
and Upper Olt River Basir. has undergone a continuous decrease from the sixties until 
the end of the nineties. Positive populational changes can be seen, with the exception 
of the Fágára? Basin, only in the ¡988/1989-2000 period: the population has recovered 
to the level of the sixties and is still increasing in the Ciuc, Tárgu Sccuiesc and Sibiu 
Basins. 
Keywords: White Stork, Olt River Basin, distribution, population size, breeding 
success, colonial nesting, nest site selection, population trends. 
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Introduction 
The White Stork has been identified as a priority bird species in 4 out of 7 
agricultural and grassland habitats of Europe (Tucker and Dixon 1997), and recently it 
was proposed as a habitat indicator species for agricultural habitats by Tucker et al. 
(2000). The White Stork is a flagship specics for the international conservation of 
wetlands, ecologically valuable river lowlands and low intensity farmland as well as 
for the conservation of migratory birds in general (Samuscnko 2000). Thus conserving 
the White Stork is an important contribution toward the preservation of biodiversity 
and consequently to the implementation of the Convention on Biological Diversity 
(Schulz 1999b). 
The White Stork is distributed over the entire territory of Romania and the total 
number of breeding pairs was estimated by the last national census (1999) to ~ 4500 
breeding pairs (Kósa 2001). The first regional White Stork census in this area was 
conducted between 1909-1915 by Jakab Schenk (Salmen 1980), but more detailed 
censuses were made only in the second half of the 20lh century. Data on the numbers 
and population trends of the White Stork in the the Middle and Upper Olt River Basin 
were published by the following authors: Béldi (1962), Damó (1984, 1985, 1994), 
Demeter (2001a, 2001b), Klemm (1969, 1975a, 1975b, 1983), Klemm and Salmen 
(1988), Kohl (1980), Kovács (1975, 1976), Kováts (1968a, 1968b. 1974), Molnár 
(1979, 1981, 1990), Lutsch (1990), Lutsch, Philippi and Popa (1990), Philippi (1997), 
Philippi (2001), Philippi and Popa (1990b), Popa (1983), Szabó and Papp (1996), 
Weber and Antal (1978). 
The main goal of this study was to locate and characterize the nest sites used by 
White Storks in the Upper and Middle Olt River Basin. The second aim was to 
evaluate all the population data essential for the analysis of the White Stork population 
in the Upper and Middle Olt River Basin to forecast its further population trends (in 
addition, in the future our databases will make possible further comparative analysis of 
the different population parameters in this area). The third aim was to elaborate 
recommendations for the protection of the White Stork populations and stork habitats. 
Partial results of our study were published by Demeter (2001a, 2001b) and Philippi 
(2001). 
Material and Methods 
Our study was carried out mainly from 1 July to 10 August 2000 when ~80% out 
of our data were collccted in the Upper and Middle Olt River Basin. The other ~20% 
of the data were counted by the authors between 1996-1999. 
The Upper and Middle Olt River Basin occupies the middle part of Romania (the 
south-eastern corncr of Transylvania) and is situated within four counties (Harghita, 
Covasna, Brasov, Sibiu) along 386 river kilometers. The total size of the Upper and 
Middle Olt River Basin is 13181 km2 (Újvári 1972). The geographical range of the 
area is from 23°40'E to 26°24'E and from 45°24'N to 46'45'N. The Upper and Middle 
Olt River Basin consists mainly of intramountainous basins surrounded by 1500-2500 
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m high mountains in the NW, N, E, S and SW parts. Forests cover 35-45% of the 
territory, the potential White Stork habitats (arable land + pastures + meadows) 
amount to 50-61%. 
The studied territory was subdivided into seven regions (Fig. 1): 
1. Ciuc Basin: includes the catchment area of the Olt between the spring and 
Micfalau; 
2. Targu Secuiesc Basin: includes the catchment area of the Negru River (without 
the drainage area of the tributary Tarlung River), the Casinu Basin and the drainage 
area of the Olt River between Micfalau and confluence point with the Negru River; 
3. Barsci Basin: also includes the Baraolt Basin; 
4. Homoroade Rivers Basin: the hydrological drainage area of the Homoroade 
rivers; 
5. Fagara? Basin: includes the Olt catchment area between Raco? and the 
confluence point with the Lotrioara River, without the Homoroade and the Cibin River 
Basins; 
6. Hartibaciu River Basin: the hydrological drainage area of the Hartibaciu River; 
7. Sibiu Basin: the hydrological drainage area of the Cibin River, without the 
drainage area of the Hartibaciu River. 
White Stork population parameters were recorded according to the international 
abbreviations (Schulz 1999a): 
HPa - number of pairs occupying a nest, nesting pairs (HPa=HPm+HPo+HPx); 
HPm - number of pairs with fledglings; 
HPo - number of pairs occupying a nest but without fledgling; 
HPx - number of pairs with unknown breeding success; 
JZG - total number of fledglings in a defined area per year; 
JZa - breeding success, avcaragc number of fledged young per pair related to all 
HPa of a defined area (JZG/HPa); 
JZni - breeding success, average number of fledged young per pair related to all 
HPm of a defined area (JZG/HPm); 
Std - "Stork density": number of pairs (HPa) per 100 sq km of a defined area. 
Data analysis was made with the FileMaker Pro software and the distribution maps 
were produced with the DMAP software. 
Results and discussion 
Distribution, population size and density 
The White Stork breeds all over the study area with the exception of high 
mountainous regions and forested areas. Distribution of breeding pairs (HPa) is 
presented in Fig. 2. The species was identified in 304 localities (Table 5.). The 
distribution of the White Stork throughout the area is uneven. It reaches the highest 
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densities in the Ciuc and Targu Secuiese Basins, where grasslands are more 
widespread as compared to other regions. 
Based on the results of the censuses carried out between 1996-2000, the total 
population of the Upper and Middle Olt River Basin is 721 HPa (Table 1. and Table 
5.). As about 15% of the region was not covered by the censuses (mainly the small 
settlements from the mountainous area), the total population is estimated to approx. 
800 breeding pairs. 
About 30% of Transylvanian population and about 16% of Romanian population 
breeds in the study area. The percentage of unsucccsful pairs (%IIPo) was low in 
2000, only 10.017%. 
The mean population density (StD) for the whole area was 5.469 HPa/100 knr 
(Table 1.). It is higher than the average value for Romania (4.48 HPa/100 km" - Kosa 
2001) and much higher than for the Some? River Basin (2.78 HPa/100 knr - Kosa, 
unpublished results). 
Breeding pairs were found in 100 full 10-km UTM squares and in 3 partial 10-km 
squares (from a total of 139 full and 7 partial 10-km squares) (Fig. 3). The species 
distribution thus covcrs 70.54% of the total area covcrcd by the 146 UTM squares. 
While the territory is not a typical stork habitat (Kovats 1968a). White Stork being 
a lowland grassland bird, the local density of breeding pairs in some places reaches 50 
pairs/100 km2 (in the UTM square 35TMM12) (Fig. 3), which is close to the maximal 
densities in Europe, and one of the highests in Romania. 
Although the highest pair densities can now be found in the Ciuc Basin, Kovats 
(1968a, 1968b) put forward a hypothesis on a relative recent colonization of the Ciuc 
Basin by White Storks, based on the memories of elderly local people: the first nests 
appeared as late as during the second half of the 19lh century, and spread from South 
to North. This hypothesis is apparently supported by the breeding data from the Upper 
and Middle Olt River Basin, published in the ornithological journal Aquila for the 
period 1906-1910: from a total of 49 "stork villages" only one, Sancraicni is 
mentioned from the Ciuc Basin. 
Some ringing recoveries also support the hypothesis of Kovats. The White Stork 
HGB 1257 ringed by Jakab Schcnk in 1909 in Haghig (Barsci Basin) was rccovcred 
after four years in Joseni (Ghcorgheni Basin) at a distance of 113 km to the north from 
the ringing site (Salmcn 1980, Catuncanu 1999). Three White Storks ringed by R. 
Iacobi in Arini (Barsci Basin) were recovered later in NE and NW (Catuneanu 1999; 
unfortunately the exact details of ringing and recovery places and dates are missing). 
All these four recoveries suggest a northward movement of some White Storks from 
the Barsci Basin. 
A gradual decrease in breeding pair density (StD) was found from the Upper Olt 
River Basin (Ciuc and Targu Sccuicsc Basins StD=7.11-7.68) to the Middle Olt River 




Out of a total of 721 breeding pairs, 64% were found to nest at altitudes between 
500-1000 m and only 36% nests within the altitudinal belt of 300-500 m (Fig. 4). To 
the best of our knowledge this altitudinal distribution is unique for the Carpathian 
Basin and probably also for Europe. 
Breeding success 
The JZa and JZm values, which characterize the breeding success, were calculated 
only for the year 2000. In this year 579 HPa (500 HPm + 21 HPx + 58 HPo) and 1669 
JZG were recorded distributed in 206 localities. The mean JZa and JZm values for the 
Upper and Middle Olt River Basin were 2.883 and 3.338. The JZa and JZm values 
needed to keep the population stable arc estimated to 2.0 (Burnhauser 1983) and 2.5 
(Lakebcrg 1995). As it can be seen in Table 1., the JZa values exceed 2.0 and the JZm 
values 2.5 in every studied region in 2000. Because high JZa and JZm values were 
registered also in the 1998-1999 period (Demcter 2001a, Kosa 2001 and other not 
published data), the White Stork population from the Upper and Middle Olt River 
Basin can be considered as a stable one. 
The frequency distribution of brood size in 2000 for the study area was the 
following (Fig. 5): the percentage of nests with 1 young (HPml) was 1.96%, HPm2 -
15.19%, HPm3 - 37.25%, HPm4 - 36.52%, HPm5 - 8.57%. Extremely high number 
of fledglings (6) was recorded for two nests. 
Aggregability and colonial nesting 
We used the following definition for White Stork colonies: villages with minimum 
5 breeding pairs (Guziak and Jakubiec 1996) among which the maximal distance does 
not exceed 1 km (Chozas at al. 1989). White Stork colonies were identified in 31 
localities of the Upper and Middle Olt River Basin (Fig. 2. and Table 5.). From a 
vulnerability, conservational and monitoring point of view it is important to note that 
-10% of the localities hold almost half (328 HPa - 45.49%) of the total breeding 
population of the whole area! 
In order to compare quantitatively the aggregability of White Storks in different 
regions we introduced two parameters: 
I - intensity of colonial breeding (proportion of breeding pairs nesting in colonies); 
F- frequency of colonial breeding (proportion of localities with colonies). 
As Fig. 6 shows, the intensity (I) and frequency (F) of colonial breeding is the 
highest in the Ciuc, Sibiu and Targu Secuiesc Basins. The highest aggregability levels 
(I > 55% and F > 15%) thus occur in the regions characterized also with the highest 
StD values (Table 1.). 
JZa and JZm values calculated for the White Stork colonies (JZa=2.899 and 
JZm=3.302, n=328 HPa) were almost identical with the values for those localities 
where only 1-4 HPa breeds (JZa=2.861 and JZm=3.387, n=252 HPa). This is in 
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contrast with the findings of Radkicwicz (1989) who noted greater JZa and JZm 
values for White Storks colonics compared to solitary nests in West Poland. 
The largest stork colonies can be found in the localities Cristian (30 HPa) and 
Sánsimion (27 HPa). 
Nest site selection 
The most common nesi sites in the Upper and Middle Olt River Basin arc electric 
pylons (45.26%). barns (24.47%) and chimneys (22.48%) (Table 2.). The frequency 
distribution of nest sites for Romania is the following: 69.31% of nests are constructed 
on clcctric pylons and 27.40% on buildings (chimneys + bams + roofs) (Kosa 2001). 
Thus the study area remains behind other regions in Romania as far as the proportion 
of nests constructed on electric pylons is concerned. 
As Table 2. shows, there are regional differences in nest site preferences. The 
proportion of nests constructed on barns is the highest in the Ciuc and Tárgu Secuiesc 
Basins (34.85-36.69%) and chimneys are preferred as nesting sites in the Bársci and 
Sibiu Basins (43.97-54.16%) (Table 2.). 
During the last decades massive changes have been observed in nest site 
preferences, from buildings to electricity pylons. This process differed significantly in 
various parts of the study area. 
44 years ago White Storks in the Tárgu Secuiesc Basin placcd their nests 
exclusively on buildings and trees (Bcldi 1962). In 1962-1963 Kováts found no nests 
constructed on electric poles in the Ciuc and Tárgu Sccuiesc Basins (Kováts 
1968a, 1968b). Weber and Antal observed in Ciuc Basin in 1973 only nests 
constructed on buildings and in trees (Weber and Antal 1978). The first White Stork 
nests placcd on electric poles were recorded in the late 1960-cs by Dénes Emese in the 
Tárgu Sccuiesc Basin (Lemnia). In this region their proportion rapidly increased: from 
3.2% in 1978 (Molnár 1979) to 15.6% in 1988 (Molnár 1990) and to 54.28% in 2000. 
The situation is different in the Bársci Basin. In 2000 the proportion of nests 
constructed on electric poles was still the lowest in the entire region (24.11%). The 
proportion of nests constructed on electric poles remained below 50% in the Fágára? 
and Sibiu Basins and in the Hártibaci River Basin, too. 
The largest proportion of nests constructed on electric pylons can be found in the 
north and north-west of the area (Ciuc Basin, Homoroadc Rivers Basin). The reason 
for this is most probably that nests built on electric poles spread from north 
(Gheorgheni Basin) and north-west (Mure? County) to the Ciuc and Homoroade 
Rivers Basins. 
The proportion of nests placed on poles increased in parallel with the decrease of 
nests placed on buildings (see for example Molnár 1979, 1981). As suitable nesting 
places on chimneys and bams arc becoming less abundant, electric poles probably 
serve as a substitute. 
In the middle of the 1990s, in cooperation with the national electricity company, 
the installation of artificial nest platforms on electricity poles was begun in Harghita 
and Covasna countics (Upper Olt River Basin) and until 2000 about 86 poles were 
equipped with such platforms. No platforms were installed in Bra$ov and Sibiu 
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countics (Middle Olt River Basin). Consequently, there arc still 234 nests in direct 
contact with electric wires. 
Population trends 
The Upper and Middle Olt River Basin, considering the available amount of White 
Stork population data, is one of the most studied areas in Romania. Despite this fact, 
the summarised data of the former censuses conducted between 1958-2000 cannot be 
directly compared for studies on population dynamics. Difficulties arise from the fact 
that during the censuses the sample areas were different and also when they were the 
same, in different years different localities were included in the monitoring. 
To be able to compare the population trends between different regions in a given 
time period, we divided the whole time interval, based on the available census data, 
into the following periods: 1962/1963-1973/1974, 1973/1974-1988/1989 and 
1988/1989-2000. Only those localities were included in the analyses where census 
data arc available in two consccutivc occasions. Despite the problems mentioned 
above, data obtained in this way provide a reliable basis to estimate simultaneously the 
long term population changes for the White Stork in the different regions of the Upper 
and Middle Olt River for a given time period (Table 3.). 
The data presented in Table 3. show regional differences in population trends. 
Although both in the Upper and Middle Olt River Basins the White Stork 
population decreased from the sixties to the seventies, this was more pronounced in 
the Sibiu and Fagara$ Basins (~ -28.3 - -43.82%) than in the Ciuc Basin (~ -10%). 
Among the causes of the decline Klcmm (1983) listed the disappearance of wetlands 
due to drainage and river regulation following a systematic government plan and 
structural changes of the human settlements and attitudes with transition to urban 
building and behaviour. 
In the 1973/1974-1988/1989 period the dcclinc of Stork populations continues in 
all the regions from where ccnsus data are available. A clcar difference can be seen in 
population decrease rate between the Upper and Middle Olt River Basins: the values 
are situated between -1.6 - -14.6% in the Upper Olt River Basin, and between -15.38 -
-41% in the Middle Olt River Basin. The Olt River was drastically regulated in the 
Ciuc Basin in the late 1970-s, early 1980-s. As a result, the water table dropped and 
floods occur only rarely. The effect on the flora and fauna was dramatic, several 
species disappeared from the area. Unfortunately White Stork breeding data are 
lacking between 1973 and 1997 so wc do not know in what manner was affected the 
breeding population in the first years after the river regulation. The Negru River 
(Targu Sccuiesc Basin) was regulated in 1974 and Kovats (1975) noted a marked drop 
in the number of breeding pairs in the localities situated along the river. 
Positive population changcs occurcd only in the 1988/1989-2000 period: the 
populations recovered to the level of the sixties and arc still increasing in the Ciuc, 
Targu Sccuiesc and Sibiu Basins. The present positive population trend of the White 
Stork in Eastern Europe is generally attributed to the crisis in agriculture during the 
economic transition period, which resulted in a rapid recovery of biological diversity 
on agricultural landscapes in these countries (Schulz 1999b). Although this statement 
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seems to be true also for Romania, we cannot exclude the possibility that populational 
increases observed in some regions (e.g. Sibiu Basin) are resulted from the 
immigration of breeding pairs from the most affected areas (e.g. Fagara? Basin). 
No HPa changcs, compared to 1988/1989, took placcs in the Barsci Basin. 
The only region in the Middle and Upper Olt River Basin where the population 
decrease continues is the Fagara? Basin (-20.1%). The Olt River valley from this 
region was classified as D-degraded in 1994 and remains one of the most polluted and 
degraded river sectors in the Upper and Middle Olt River Basin. 
The breeding White Stork population in the lower sector of the Fagaras Basin was 
negatively influenced probably also by the presence of some large dam-hydroelcctric 
power station systems (CHE Arpa?u de Jos, CHE Scorei, CHE Avrig, CHE Racovi{a) 
built between 1970-1990. The population decrease of White Storks in this sector can 
be seen in Table 4. 
Conclusions 
Based on the results of the censuses carried out between 1996-2000, the total 
population of the Upper and Middle Olt River Basin is 721 HPa distributed in 304 
localities. The total population of the region can be estimated to approx. 800 HPa. In 
only 31 localities breeds about half (328 HPa) of the total breeding population of the 
area. 
The mean population density (StD) for the whole area was 5.469 HPa/100 km2, 
that is higher than the average value for Romania (4.48 HPa/100 km2). Out of a total 
of 721 breeding pairs, 64% were found to nest at altitudes between 500-1000 m and 
only 36% nests within the altitudinal belt of 300-500 m. 
Most common nest sites in the Upper and Middle Olt River Basin are electric 
pylons (45.26%), barns (24.47%) and chimneys (22.48%). Since the 1960-s massive 
changes have been observed in nest site preferences, from buildings to electric pylons. 
This process differed significantly in various parts of the study area. 
The mean JZa and JZm values for the Upper and Middle Olt River Basin were 
above 2.0 and 2.5 in 1998-2000, values which are higher than the estimated JZa and 
JZm values needed to keep the population stable, thus the White Stork population 
from the Upper and Middle Olt River Basin can be considered as a stable one. 
The White Stork population of the Middle and Upper Olt River Basin has 
undergone a continuous decrease from the sixties until the end of the nineties. Positive 
populational changcs can be seen, with the exception of the Fágára§ Basin, only in the 
1988/1989-2000 period: the population has recovered to the level of the sixties and is 
still increasing in the Ciuc, Tárgu Sccuicsc and Sibiu Basins. 
From a conservational point of view it is necessary to continué the monitoring of 
the White Stork populations in key sites (localities with more than 5 HPa). As the 
foreseeable introduction of the EU agricultural policy in Romania will damage White 
Stork feeding habitats, increasing efforts are needed to protect these regions. The 
installation of nestplatforms on elcctric poles must be continued and extended also in 
the Middle Olt River Basin. 
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Figu re 1. Regiona l d i s t r i b u t i o n of local i t ies with W h i l e S t o r k nesls in 1496-2000 (in b r a c k e t s the n u m b e r of local i t ies whl lh nests in a given r eg ion) 
to 
<>J 
Figure 2. Dis t r ibu t ion and n u m b e r of Whi te S to rk b reed ing pa i r s (HPa) in the Upper and Middle Olt River Basin (IVV6-2UUU) 
( U p p e r left c o r n e r : posi t ion of the s tudy a rea in R o m a n i a : in b racke t s the n u m b e r of localities co r r e spond ing to a given l l l ' a r ange) 
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Fig. 5. T h e f r e q u e n c y d i s t r i b u t i o n of b r o o d size in i he I ' p p c r a n d M i d d l e Oi l R ive r Basin in 2000 (n=40K 
H P m ) 
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Fig- 6- Aggregab i l i t y of b r e e d i n g W h i t e S t o r k s in Ihe Uppe r a n d M i d d l e Oi l R ive r Basin in 1996-2000 ( F -
f r e q u e n c y of co lon ia l b r e e d i n g ; I • i n t ens i t y of co lon ia l b r e e d i n g ) 
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T a b l e 1. P o p u l a t i o n a n d b r e e d i n g p a r a m e t e r s of t he W h i t e S t o r k in t he U p p e r a n d M i d d l e Ol t R iver 
















2291 68 176 163 127 24 12 6 7 2.61 3.22 7.11 







837 25 52 50 42 6 2 0 : 2.76 3.34 5.97 
Fagaras Basin 3768 82 175 164 143 13 8 2 9 3.01 3.40 4.35 
Hartibaci 
River Basin 
1031 25 40 40 39 1 0 0 0 3.63 3.73 3.87 
Sibiu Basin 1206 21 72 72 66 6 0 0 0 2.87 3.14 5.97 
TOTAL 13181 304 772 721 617 77 27 13 38 2.883 3.338 5.469 
* JZa and JZm values were calculated only for 2000 
T a b l e 2. D i s t r i b u t i o n of d i f f e r e n t nest s u p p u r t t ypes of W h i t e S t o r k nes t s in t he U p p e r a n d M i d d l e Ol t 
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Table 3. P o p u l a t i o n t r e n d s of the \Ml i t e S t o r k in the U p p e r and M i d d l e Ol t k i v e r Havin hi t ween 1962-
2000 (ba sed on d a t a p u b l i s h e d by K l e m m (1975a . 1975b). K o v á c s (1976) . K o v á t s (1968a . 1968b) . I . u t s ch 
(1990) . L u t s c h . Ph i l ipp i and Popa (1990) . M o l n á r (1978. 1990). Ph i l ipp i a n d Popa (1990) . W e b e r a n d 
Anta l (1978)) (n - n u m b e r of c o m p a r e d loca l i t i es ) 
1962/63-1973/74 1973/74- I98K/89 | 1988/89-20011 
Ciuc Basin - 9.75 % 
(1962: 82 IlPa— 
1973: 74 UPa. n-15) 
+ 14 .86% 
(1973: 74 HPa — 2000: 85 IlPa; n-15) 
Targu Sccuicsc Basin - 26 % 
(1963: 92 HPa — 
1974: 68 11 Pa: n=21) 
- 1 . 6 % 
(1974: 123 HPa — 
1988: 121 IlPa: n=4l) 
+ 15.7 % 
(1988: 121 HPa — 
2000: 14(1 HPa: n-41) 
+ 11 .38% 
Barsci Basin - 26.8 % 
(1963: 41 IlPa — 
1974: 30 IIPa; n=l3> 
- 14.6 % 
(1974: 89 IlPa — 
1988/1989: 76 HPa; n-28) 
0 % 
(1988/1989: 85 HPa 
— 2000: 85 HPa; 
n=32) 
- 17.98 % 
(1974: 89 IlPa — 2000: 73 IlPa; n-28) 
Homoroade Rivers 
Basin 
+ 12.5 % 
(1989: HPa 8 — 
20(H): 9 HPa; n -7 ) 
- 9.09 % 
(1962: 22 IlPa — 2000: 20 HPa; n=7) 
Hartibaciul River Basin -41.17 % 
(1974: 34 HPa — 
1989: 20 HPa; n-12) 
+ 25 % 
(1989: 20 HPa — 
2000: 25 HPa: n-12) 
- 26 % 
Fagara$ Basin - 43.82 % 
(1963: 89 HPa — 
1974: 50 HPa; n=5) 
- 23.68 % 
(1974: 38 HPa — 
1989: 29 IlPa; n=3) 
- 20.17 % 
(1989: 114 HPa — 
2000: 91 HPa; n=37) 
Sibiu Basin - 28.3 % 
(1963: 74 H P a - . 
1974:53 HPa; n = l l ) 
- 15.38 % 
(1974: 52 HPa— 
1989: 44 HPa; n=l 1) 
+ 38.63 % 
(1989:44 HPa — 
2000:61 HPa; n = l l ) 
+ 17.3 % 
T a b l e 4.: T h e p o p u l a t i o n d e c r e a s e of W h i t e S t o r k in t h e lower s e c t o r of the F á g á r a v Basin 
(ba sed on da t a p u b l i s h e d by Klcmni (1975b) . Ph i l ipp i and 1'opa (1990)) 
Locality 1963 1974 1989 2000 
Avrig 12 6 7 2 
Racovita 16 12 11 6 
Sácádate 18 II 0 1 
Scorei 42 20 11 II 
Total 88 49 29 20 
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T a b l e List of loca l i t i es wi th W h i l e S t o r k nes t s in the U p p e r a n d M i d d l e Olt R i s e r Basin in 1996-2000 ( A b b r e v i a t i o n s : c o u n t i e s : BY - B r a j o v , CV- C o v a s n a , 
IIR - H a r g h i t a . SB - S i h i u ; r e g i o n s : KIKS - Bârse i Bas in , C A S I - C a j i n u Bas in , C I I I C - C l u e Bas in , F A G A • F à g a r a ; Bas in , I I I R T - l l a r t i b a c i River Bas in , 
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AGNITA SB 45.9667 24.6167 35TLLI9 500 HIRT 1 1 1 4 4 00 4.00 1 2000 
A IT A MARE CV 45.9667 25.5500 35TLL89 474 BIRS 9 7 6 1 2 21 300 3.50 1 1 2 5 2000 
A IT A MEDIE CV 45.98.V1 25.5833 35TLL99 513 BIRS 1 1 1 0.00 0.00 1 1997 
AITA SEACÀ CV 46.0333 25.6833 35TLL99 622 BIRS 1 1 1 2 2.00 2.00 1 2000 
ALDEA IIR 46.2500 25.4333 35TLM72 640 HOMO 1 1 1 3 3.00 3.00 1 2000 
a l t i n a SB 45.9333 24.4667 35TLL08 478 IIIRT 1 1 1 1 1.00 1.00 2000 
ANINOASA CV 45.8166 25.9666 35TML17 538 TSEC 1 1 1 0.00 0.00 1 2000 
APATA BV 45.9500 25.5167 35TLL88 506 BIRS 15 13 9 4 1 1 31 2.38 3.44 7 4 3 2000 
APOÇ SB 46.0333 24.5500 35TLMI0 527 HIRT 1 1 1 4 4.00 4.00 1 2000 
ARACI CV 45.8167 25.6500 35TLL97 506 BIRS 2 2 2 5 2.50 2.50 1 1 2000 
ARINI BV 45.8833 25.5500 35TLL88 489 BIRS 1 1 1 3 3.00 3.00 1 2000 
ARIUÇD CV 45.7833 25.6833 35TLL97 501 BIRS 1 1 1 3 3.00 3.00 I 2000 
ARPASUL DE JOS SB 45.7833 24.6167 35TLL17 400 FAGA 2 2 2 0.00 0.00 2 2000 
AUGUSTIN BV 46.0500 25.5500 35TLM80 442 BIRS 1 1 1 5 5.00 5.00 1 1999 
AVRIG SB 45.7167 24.3833 35TKL96 377 FAGA 2 2 2 7 3.50 3.50 1 2000 
BÂCEL CV 45.7667 25.8167 35TML06 506 TSEC 3 3 2 1 5 1.67 2.50 3 1999 
BACIU (SÀCEL) BV 45.6000 25.6667 35TLL95 968 BIRS 1 1 0.00 0.00 1998 
BANCU IIR 46.3000 25.9333 35TMMI2 691 C1UC 1 1 1 0.00 0.00 1 1998 
BARAOLT C \ 46.0833 25.6000 35TLM90 482 BIRS 2 2 2 9 4.50 4.50 1 1 2000 
BÂRCUT BV 46.0000 24.9167 35TLI.39 581 HIRT 1 1 1 4 4.00 4.00 1 2000 
BARGHJS SB 45.9833 24.5333 35TLL09 447 IIIRT 2 2 2 9 4.50 4.50 2000 
BÀRZAVA MR 46.4333 25.8167 35TMM04 769 C1UC 1 1 1 5 5.00 5.00 1 2000 
BÀTANII M1CI c \ 46.1000 25.7000 35TLM90 518 BIRS 1 1 1 3 3.00 3.00 1 2000 
BÀTANn MARI CV 46.0833 25.6833 35TLM90 515 BIRS 1 1 1 3 3.00 3.00 1 2000 
BECLEAN BV 45.8333 24.9167 35TLL37 423 FAGA 5 4 4 1 13 3.25 3.25 3 1 1 2000 
BF.IA BV 46.1500 25.1833 35TLM51 522 HOMO 2 1 1 1 2 2.00 2.00 1 1 2000 














































BELANI CV 46.0833 26.1833 35T.VIM30 591 TSEC 1 1 1 0.00 0.00 1 2000 
BELIN CV 45.9333 25.5667 35TLL88 493 BIRS 9 9 9 36 4.00 400 1 4 2000 
BEL1N VALE CV 45.9333 25.6000 35TLL98 591 BIRS 1 1 1 2 2.00 2.00 1 2000 
BERIVOI(MARE) BV 45.7333 24.9833 35TLL46 532 FAGA 2 2 5 2.50 2.50 2 1996 
BIBOR risNI c v 46.0833 25.6500 35TLM90 495 BIRS 1 1 1 3 3.00 3.00 1 2000 
BICFALÀU CV 45.7667 25.8667 35TMLI6 565 TSEC 1 1 1 3 3.00 3.00 1 2000 
B1TA CV 45.8333 25.9667 35TML17 525 TSEC' 14 13 13 1 43 3.31 3.31 3 11 2000 
B1XAD CV 46.1000 25.8667 35TMMI0 663 TSEC 1 1 1 4 4.00 4 00 1 2000 
BOD BV 45.7667 25.6500 35TLL96 498 BIRS 3 2 2 1 8 4.00 4.00 2 1 2000 
BOIXX" CV 45.9500 25.8500 35TML18 549 TSEC 1 1 1 4 4.00 4.00 1 1999 
BOGATA OLTEANÂ BV 45.9833 25.3500 35TLL79 460 FAGA 2 1 1 1 2 2.00 2.00 1 1 2000 
BOITA SB 45.6333 24.2500 35TK.L85 350 SIBI 1 1 1 4 4.00 4.00 1 20(8) 
BOROSNEU MARE CV 45.8167 26.0000 35TML27 564 TSEC 3 3 3 10 3.33 3 33 3 2000 
BOROÇNEU MIC CV 45.7833 26.0167 35TML27 680 TSEC 1 1 0.00 0.00 1 1997 
BRADENT SB 46.0833 24.8333 35TLM30 520 HÍRT 1 1 1 4 4.00 400 1 2000 
BRADU SB 45.7167 24.3333 35TKL96 338 FAGA 1 1 1 5 5.00 5.00 1 2000 
b r A d u t i CV 46.1333 25.6167 35TLM90 509 BIRS 2 2 2 4 2.00 2.00 1 1 2000 
BRAN BV 45.5167 25.3500 35TLL74 776 BIRS 1 1 1 3 3.00 3.00 1 1996 
URATES CV 45.8333 26.0667 35TML27 529 TSEC 7 6 6 1 19 3.17 3.17 2 3 2 2000 
BREAZA BV 45.7000 24.8833 35TLL36 607 FAGA 3 3 3 7 2.33 2.33 1 2 1996 
BRETCU CV 46.0500 26.3000 35TML49 592 TSEC 4 4 1 2 1 2 0.50 2.00 2 2 2000 
BRUIU SB 45.8667 24.7000 35TLL28 514 FAGA 1 1 1 2 2.00 2.00 1 1999 
BUCIUM BV 45.7333 25.0833 35TLL56 556 FAGA 1 1 1 0.00 0.00 1 1999 
BUDU.A BV 45.6667 25.8000 35TML05 581 BIRS 2 2 1 1 4 2.00 4.00 1 1 2000 
CALBOR BV 45.8667 24.9000 35TLL38 508 FAGA 2 2 2 6 3.00 3.00 1 1 1996 
CÀPEM CV 46.0333 25.5667 35TLL89 468 BIRS 1 1 l 3 3.00 3.00 1 2000 
CÀRPINIS BV 45.6500 25.7667 35TML05 597 BIRS 3 3 3 6 2.00 2.00 I I 1998 
CAR TA IIR 46.5333 25.7500 35TMM05 735 CRJC 1 1 1 3 3.00 3.00 1 20(8) 
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GHHLINJA CV 45.4500 26.2333 35TML48 614 TSEC I 1 1 3 3.00 3.00 1 1997 
GH1DFALÁU CV 45.9000 25.8500 35TMLI8 547 TSEC 1 1 1 4 4.00 4.00 1 1999 
GHIMBAV BV 45.6667 25.5000 35TLL85 562 BIRS 3 3 3 7 2.33 2.33 1 1 1 1996 
GRANARJ BV 46.0333 24.9667 35TLL49 514 HOMO 4 4 4 12 3.00 3.00 2 2 1996 
GURA RAULUI SB 45.7333 23.9833 34TGR36 545 SIBI 1 1 1 3 3.00 3.00 2000 
GURA vAll BV 45.7167 24.9000 35TLL36 579 FACiA 2 2 1 1 2 1.00 2.00 1 1 1999 
UAGHIG CV 45.8333 25.5833 35TLL87 506 BIRS 7 5 5 1 1 17 3.40 3.40 1 6 2000 
UALCHIU BV 45.7667 25.5500 35TLL86 511 BIRS 1 1 1 2 2.00 2.00 1 1996 
h A l m e a g BV 45.8667 25.1167 35TLL58 438 FAGA 1 1 I 5 5.00 5.00 1 2000 
НАМ В А SB 45.8667 24.2000 35TKL88 532 SIBI 1 1 1 2 2.00 2.00 1 2000 
HÁRMAN BV 45.7167 25.6833 35TLL96 525 BIRS 1 1 1 4 4.00 4.00 1 2000 
hA r s e n i BV 45.7500 25.0167 35TLL46 539 FAGA 1 1 1 4 4.00 4.00 1 1999 
h A t u i c a CV 45.9333 26.1333 35TML38 552 TSEC 1 1 1 4 4.00 4.00 1 2000 
1IF.RCUL1AN CV 46.1333 25.7000 35TLM90 581 BIRS 1 1 1 4 4.00 4.00 1 2000 
HILIB C V 45.9667 26.2333 35TML49 768 TSEC 1 1 : 0.00 0.00 1 1997 
h o g h i z BV 45.9833 25.3000 35TLL69 490 FAGA 7 7 6 l 21 3.00 3.50 1 1 5 2000 
HOMOROD BV 46.0500 25.2667 35TLM60 431 HOMO 2 2 2 8 4.00 4.00 2 2000 
HUREZ BV 45.8000 24.9500 35TLL47 454 FAGA 1 1 1 2 2.00 2.00 1 1996 
1ACOBENI l lk 46.2000 26.1000 35TMM3I 736 CASI 1 1 1 4 4.00 4 0 0 1 1997 
IACOBENI SB 46.0500 24.7167 35TLM20 467 IlIRT 1 1 1 4 4.00 4.00 2000 
1A$I BV 45.7667 24.9333 35TLL37 493 FAGA 1 1 1 1 1.00 1.00 1 1996 
IGH1SU VECH1 SB 45.9833 24.4833 35TLL09 497 HIRT 1 1 l 0.00 0.00 1 2000 
ILIENI CV 45.8000 25.7667 35TML07 538 TSEC 2 2 1 i 3 1.50 3.00 1 1 1999 
IMENI CV 45.9500 26.1667 35TML38 553 TSEC 2 2 1 i 2 1.00 2.00 1 1 1997 
INEU HR 46.5500 25.7667 35TMM05 709 C1UC 1 1 1 3 3.00 3.00 1 2000 
IONfc$TI BV 46.1500 25.3333 35TLM7I 517 HOMO 1 1 i 0.00 0.00 1 2000 
JIBERT BV 46.0000 25.0667 35TLL59 503 HOMO 1 1 1 3 3.00 3.00 2000 
JIGODIN IIR 46.3333 25.8167 35TMM03 680 C1UC 1 1 1 5 5.00 5.00 1 2000 














































JIMBOR BV 46.1000 25.3833 35TLM70 557 HOVIO 1 1 1 4 4.00 4.00 1 2000 
LELICENI HR 46.3500 25.8500 35TMMI3 720 CIUC 1 1 1 3 3.00 3.00 1 2000 
LEMN1A CV 46.0500 26.2667 35TML49 590 TSEC 25 21 14 6 1 1 3 45 2 14 3.21 8 10 7 2000 
LET c v 45.8500 26.0167 35TML27 528 TSEC 1 1 1 4 4.00 4.00 1 1997 
LISA BV 45.7167 24.8500 35TLL36 555 FAGA 1 1 1 0.00 0.00 1 1999 
LISNAU c v 45.7833 25.8833 35TML17 576 TSEC 1 1 1 2 2.00 2.00 1 1997 
LOVNIC BV 45.9833 25.0167 35TLL49 634 HOMO 2 2 5 2.50 2.50 2000 
LUDISOR BV ^667 24.8833 35TLL37 491 FAGA 1 1 1 4 4.00 400 1 2000 
LUETA 1IR 46.2667 25.4833 35TLM82 634 HOMO 1 1 1 0.00 0 0 0 1 2000 
LUNCA 
CÂLNICULUI 
BV 45.7667 25.7667 35TML06 500 BIRS 3 2 2 1 6 3.00 3.00 3 2000 
LUNCA OZUNULUI c v 45.8000 25.8500 35TML17 509 TSEC 1 1 0.00 0.00 1 1997 
LUNGA ( V 46.0333 26.2167 35TML39 565 TSEC 3 3 3 10 3.33 3.33 1 2 2000 
LUTA BV 45.8000 24.9000 35TLL37 451 FAGA 1 1 1 4 4.00 4.00 1 20O0 
LUTOASA c v 46.0833 26.2333 35T.MM40 596 TSEC 1 1 1 3 3.00 3.00 1 2000 
mAd à k a s HR 46.5000 25.7500 35TMM05 710 CIUC 3 3 2 1 7 2.33 3.50 2 1 20(8) 
m A g h e r u s c v 45.7833 25.9167 35TMLI7 574 TSEC 1 1 1 4 4.00 4.00 1 2000 
mA ieruç BV 45.9000 25.5333 35TLL88 477 BIRS 1 1 1 4 4.00 4.00 1 2000 
m A l i m s BV 45.7500 25.0167 35TLL46 539 FAGA 2 2 2 5 2.50 2.50 2 1996 
MALNAS c v 46.0167 25.8333 35TMI.09 572 TSEC 1 1 1 3 3.00 3.00 1 2000 
MÀNDRA BV 45.8167 25.0500 35TLL47 466 FAGA 2 2 1 1 3 1.50 3.00 1 1 2000 
MARCUSA c v 45.9167 26.0500 35TML28 554 TSEC 1 1 1 0.00 0.00 1 1997 
m a r g i n e n i BV 45.7167 25.0500 35TLL46 612 FAGA 2 1 1 1 4 4.00 4.00 1 1 1999 
MARPOD SB 45.8667 24.5000 35TLL08 502 H1RT 2 2 2 7 3.50 3.50 2 2000 
MÂRTÀNUS c v 46.0167 26.2833 35TML49 605 TSEC 1 1 1 5 5.00 5.00 1 2000 
mA r t i n e n i c v 45.9166 26.1000 35TML38 541 TSEC 2 2 2 0.00 0.00 1 1 2000 
m a r t i n i s IIR 46.2333 25 3833 35TLM72 480 HOMO 1 1 1 4 4.00 4.00 1 2000 
MATEIAS BV 46.0I67| 25.3667 35TLL79 452 FAGA 3 3 3 10 3.33 3.33 2 1 2000 
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PAVA CV 45.8833 26.1833 35TML38 606 TSEC 1 1 1 4 4.00 4.00 1 2000 
PEL1$0R SB 46.0500 24.5167 35TLMOO 541 HÍRT 1 1 1 4 4.00 4.00 1 2000 
PERSANI UV 45.7833 25.2167 35TLL67 559 FAGA 2 2 2 5 2.50 2.50 1 1 1996 
PETEN1 CV 45.9167 26.1333 35TML38 561 ISI ( 2 2 2 5 2.50 2.50 2 1997 
PETRENI HR 45.7167 25.6833 3511 M71 525 HOMO 1 1 1 4 4.00 4.00 1 2000 
PLAIESI1 DE SUS HR 46.2333 26.1000 35TMM32 725 CASI 1 1 1 2 2.00 2.00 1 1997 
PODU OLTULUI BV 45.7167 25.6833 35TLL96 525 BIRS 1 1 1 0.00 0.00 1 1999 
POIAN c v 46.0667 26.1500 35TMM30 593 TSEC 1 1 1 0.00 0.00 1 1997 
POJORTA BV 45.7500 24.8667 35TLL36 516 FAGA 2 2 2 5 2.50 2.50 1 1 1996 
POPI. ACA SB 45.7167 24.0500 35TK.L76 516 S1BI 1 1 1 3 3.00 3.00 2000 
PORUVBACUL DEJOS SB 45.7500 24.4500 35TLL06 404 FAGA 2 2 I 1 2 1.00 2.00 2 20(8) 
PREJMF.R BV 45.7167 25.7667 35TML06 524 BIRS 18 14 14 2 2 44 3.14 3.14 2 10 5 1 2000 
RACOSUL DE JOS BV 46.0333 25.4000 35TLL79 475 FAGA 1 1 i 4 4.00 4.00 1 2000 
RACOSU1. DE SUS CV 46.0833 25.5333 35TLM80 479 BIRS 2 2 2 6 3.00 3.00 1 1 2000 
r a c o v i t a SB 45.6833 24.3500 35TKL96 414 FAGA 6 6 5 1 16 2.67 3.20 3 1 1 2000 
RACU HR 46.4500 25.7500 35TMM04 712 CIUC 1 1 1 2 2.00 2.00 1 20(H) 
RARES HR 46.2000 25.3833 35TLM71 491 HOMO 1 1 1 3 3.00 3.00 1 2000 
RÁSINARI SB 45.7000 24.0667 35TKL76 677 S1BI 1 1 1 3 3.00 3.00 1 2000 
RASNOV BV 45.5833 25.4500 35TLL74 684 BIRS 2 2 2 5 2.50 2.50 1 1 1996 
RECF.A BV 45.7167 24.9333 35TLL36 570 FAGA 2 2 1 1 4 2.00 4 0 0 2 1999 
RECI CV 45.8500 25.9333 35TML17 548 TSEC 1 1 1 2 2.00 2.00 1 2000 
RETISU SB 46.0500 24.8500 35TLM30 465 HIRT 1 1 1 3 3.00 3.00 1999 
RODBAV BV 45.9167 24.8667 35TLL38 474 FAGA 1 1 1 3 3.00 3.00 1 2000 
ROSIA SASEASCÁ SB 45.8167 24 3167 35TKL97 422 IIIRT 1 1 1 4 4.00 400 2000 
ROTBAV BV 45.8333 25.5500 35TLL87 509 BIRS 2 2 2 7 3.50 3.50 2 2000 
RUCAR BV 45.8167 24.7667 35TLL27 402 FAGA 1 1 1 3 3.00 3.00 1 2000 
RUPKA BV 46.0333 25.2167 35TLL69 471 HOMO 1 1 1 3 3.00 3.00 2000 
RUSCIORI SB 45.8167 24.0333 35TKL67 440 SIBI 1 1 1 1 1.00 LOO 1996 
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SÁCÁDATE SB 45.7667 24.3833 35TKL97 394 FAGA 1 1 1 4 4.00 4.00 2000 
SÁCEL SB 45.7833 23.9333 34TGR27 516 S1BI 2 2 2 8 4.00 4.00 1 1 2000 
SÁCELE BV 45.6167 25 6833 35TLL95 687 BIRS 2 2 2 5 2.50 2.50 2 2000 
SACIO VA CV 45.7833 25.9500 351MLI7 649 TSEC 1 1 1 3 3.00 3.00 1 1997 
SADUL SB 45.6667 24.1833 35TKL86 637 SIBI 1 1 1 3 3.00 3.00 2000 
SÁLISTE SB 45.7833 23.8833 34TGR27 607 SIBI 2 2 2 4 2.00 2.00 2 2000 
SÁMBÁTA DE JOS BV 45.8000 24.8167 35TLL37 426 FAGA 2 2 2 3 1.50 1.50 1 1 1996 
SÁMBATA DE SUS BV 45.7500 24.8167 35TLL36 512 FAGA 7 7 7 25 3.57 .3.57 3 4 2000 
SANCRAIF.N1 HR 46.3000 25.8500 35 LMM 12 659 CIUC 4 3 1 2 1 5 1.67 5.00 2 2 2000 
SANDOMINIC HR 46.5833 25.7833 35TMM05 757 CIUC 1 1 1 5 5.00 5.00 1 2000 
SANMARTIN HR 46.2667 25.9333 35TMMI2 676 CIUC 1 1 1 4 4.00 4.00 1 2000 
SANPAUL HR 46.1833 25.3833 35TLM7I 472 HOMO 18 18 15 3 48 2.67 3.20 5 II 1 1 2000 
SÁNPETRU BV 45.7167 25.6333 35TLL96 535 BIRS 3 2 2 1 4 2.00 2.00 2 1 1996 
SÁNSIMION HR 46.2500 25.8833 35TMMI2 646 CIUC 27 27 24 3 81 3.00 3.38 2 17 8 2000 
SANTIMBRU HR 46.2833 25.8667 35TMMI2 652 C I U C 8 6 6 2 22 3.67 3.67 3 : 3 2000 
SANTION LUNCA CV 45.8167 25.8667 35TMLI7 525 TSEC 5 5 5 15 3.00 3.00 2 1 2 2000 
SANZIENI CV 46.0500 26.1333 35TML39 593 TSEC 1 1 1 3 3.00 3.00 1 1997 
SARATA SB 45.7333 24.5000 35TLL.06 442 FAGA 1 1 1 2 2.00 2.00 1996 
SASAUSI SB 45.8500 24.6000 35TLL18 567 FAGA 1 1 1 0.00 0.00 1 2000 
SATU NOU BV 45.7667 25.5167 35TLL86 517 BIRS 3 3 12 4.00 4.00 3 2000 
SATU NOU HR 46.1500 25.4000 35TLM71 507 HOMO 1 1 1 3 3.00 3.00 1 2000 
SCOREI SB 45.7500 24.5333 35TLL06 450 FAGA 12 11 8 3 1 26 2.36 3.25 6 5 2000 
SEBE^UL DEJOS SB 45.6500 24.3333 35TKL95 507 SIBI I 1 1 2 2.00 2.00 1 2000 
SEBESUL DE SUS SB 45.6500 24.3500 35TKL95 489 FAGA 1 I 1 4 4.00 4.00 1 2000 
SEL1MBÁR SB 45.7667 24.2000 35TKL87 379 SIBI 1 1 1 4 4.00 4.00 1 2000 
SELISIAI BV 45.9833 24.8500 35TLL.39 567 IIIRT 2 2 2 7 3.50 3.50 1 1 2000 
SERCAIA BV 45.8500 25.1333 35TLL57 444 FAGA 6 5 5 1 18 3.60 3.60 3 3 2000 
SERCAlTA BV 45.7333 25.1167 35TLL56 538 FAGA 1 1 1 0.00 0.00 1 1999 
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SFANTU GHEORGHE CV 45.8667 25.7833 3STML07 510 TSEC 1 1 1 0.00 0.00 1 1998 
SIBIU SB 45.8000 24.1500 35TKL77 401 S1BI 6 6 6 17 2.83 2.83 2000 
SICULENI IIR 46.4167 25.7500 35TMM04 677 CIUC 11 8 7 1 1 2 23 2.88 3.29 2 5 3 1 2000 
ÇINC A VECUE BV 45.7667 25.1667 35TLL56 479 FAGA 1 1 1 4 4.00 4.00 1 2000 
SOARS BV 45.9333 24 9167 35TLL38 488 FAGA 2 2 2 8 4.00 4.00 1 1 2000 
SONA BV 45.8500 25.0500 35TLL47 430 FAGA 1 1 1 2 2.00 2.00 1 2000 
STUP1NI BV 45.7000 25.5667 35TLL86 527 BIRS 2 2 2 5 2.50 2.50 1 1 1996 
SUMULEU-CIUC IIR 46.3833 25.8333 35TMMI3 814 CIUC 1 1 0.00 0.00 1 2000 
SURA MARE SB 45.8500 24.1667 35TKL88 461 SIBI I 1 1 3 3.00 3.00 1 2000 
$ URA MICA SB 45.8667 24.0667 35 IK 1.78 402 SIBI 2 2 2 8 4.00 4.00 2000 
SURCEA CV 45.8833 26.0833 35TML28 536 TSEC 2 2 1 1 4 2.00 4.00 1 1 2000 
SZÁSZFALU ILUNGA) CV 46.0167 26.2000 35TML39 562 TSEC 1 1 1 3 3.00 3.00 1 2000 
TÀLIÇOARA CV 46.1000 25.5833 15 1 1 \1')(1 494 BIRS 3 2 1 ! 1 4 2.00 4.00 3 2000 
TÀLMACIU SB 45.6500 24.2667 35TKL85 418 SIBI 2 2 1 1 5 2.50 5.00 1 1 2000 
TAMASFALÄU CV 45.8833 26.1167 35TML38 541 TSEC 2 2 2 5 2.50 2.50 2 2000 
TÀRGU SECU1ESC CV 46.0000 26.1333 35TML39 570 TSEC 1 I 1 2 2.00 2.00 1 2000 
TELECHIA CV 45.8666 26.0333 35TML27 534 TSEC 1 1 1 4 4.00 4.00 1 2000 
TELIU BV 45.7000 25.8500 35TML16 622 BIRS 1 1 1 2 2.00 2.00 1 1996 
riCUSUL VECHI BV 45.9333 25.1000 35TLL58 485 FAGA 2 2 1 1 2 1.00 2.00 1999 
TINOASA CV 46.0000 26.1833 35TML39 560 TSEC 6 6 5 1 15 2.50 3.00 4 1 1 2000 
TOARCLA BV 45.9000 24.7333 35TLL28 461 FAGA 1 1 1 4 4.00 4.00 1 2000 
rODERITA BV 45.7833 25.0667 35TLL47 495 FAGA 4 4 4 10 2.50 2.50 1 3 1996 
TOHANU NOU BV 45.5500 25.3833 35TLL74 719 BIRS 1 1 1 2 2.00 2.00 1 1996 
TOIIANU VECHI BV 45.5667 25.3667 35TLL74 705 FAGA 1 1 1 3 3.00 3.00 1 1996 
TOPLITA-C1UC IIR 46.3666 25.8000 35TMM03 673 CIUC 2 1 1 1 3 3.00 3.00 2 2000 
| Ul'ALÄU CV 45.8333 26.0167 35TML27 528 TSEC 3 3 2 I 6 2.00 3.00 1 2 2000 
TURIA CV 46.0167 26.1500 35TML39 616 TSEC 2 2 2 9 4.50 4.50 2 2000 
FURNU RO$U SB 45.6333 24.3000 35TKL85 618 FAGA 1 I 1 2 2.00 2.00 1 2000 




















































TU§NAD HR 46.2167 25.9000 35TMMI1 672 C1UC 6 6 6 22 3.67 3.67 1 5 2000 
TUSNADU NOU HR 46.2000 25.8833 35TMM11 655 C1UC 5 4 2 1 1 1 6 1.50 .3.00 1 3 1 2000 
UCEA DE JOS BV 45.7833 24.6667 35TLL17 425 FAGA 1 1 0.00 0.00 1 2000 
UCEA DE SUS BV 45.7500 24.6833 35TLLI6 510 FAGA 2 1 1 1 4 4.00 4.00 1 1 2000 
UVGRA BV 45.98.3.3 25.2667 35TLL69 457 FAGA 6 6 6 18 .3.00 3.00 4 2 2000 
VAD BV 45.7833 25.1333 35TLL57 475 FAGA 3 2 2 1 6 3.00 3.00 1 2 2000 
VALEA CRISULUI CV 45.9167 25.7833 35TML08 606 TSF.C 1 1 1 3 .3.00 3.00 1 1999 
VALEA SEACÁ CV 46.0833 26.1166 35TMM30 622 TSF.C 2 2 1 1 0.00 0.00 1 1 2000 
VÁRD SB 45.9500 24.6000 35TLL19 489 HIRT 1 1 1 4 4.00 4.00 1 2000 
VARGItlS CV 46.1333 25.5333 35TLM80 498 BIRS 2 2 2 7 3.50 3.50 1 1 2000 
VENE TIA BV 45.8667 25.2000 35TLI.68 466 FAGA 12 11 10 1 1 33 3.00 3.30 4 2 6 2000 
V ESTEM SB 45.7167 24.2333 35TKL86 366 SIBI 1 1 1 4 4.00 4.00 1 2000 
VICTORIA BV 45.7333 24.6X33 35TLLI6 541 FAGA 1 1 1 2 2.00 2.00 1 1996 
VISCRI BV 46.0500 25.08.33 35TLM50 577 HOMO 1 1 1 1 1.00 1.00 2000 
VISTEA DE JOS BV 45.7833 24.7333 35TLL27 443 FAGA 4 4 4 8 2.00 2.00 2 2 1996 
VIST EA DE SUS BV 45.7333 24.7500 35TLL26 544 FAGA 1 1 1 0.00 0.00 1 1999 
VLADENT BV 45.7667 25.3667 35TLL76 573 BIRS 1 I 1 3 3.00 3.00 1 1996 
VLAHITA NOUA IIR 46.3500 25.5167 35TLM83 827 HOMO 1 1 1 3 3.00 3.00 1 2000 
VOILA BV 45.8167 24.8500 35TLL37 420 FAGA 3 3 3 9 3.00 3.00 1 1 1 1996 
VOIVODENII MARI BV 45.7833 24.8667 35TLL37 466 FAGA 1 1 1 3 3.00 3.00 1 2000 
VRABIA HR 46.2167 25.9167 35TMM1I 655 CIUC 1 1 1 0.00 0.00 1 2000 
VULCAN BV 45.6333 25.4167 35TLL75 599 BIRS 3 3 3 6 2.00 2.00 1 1 1 2000 
VURPAR SB 458000 24.3500 35TKI.97 5.31 HIRT 1 1 1 5 5.00 5.00 1 2000 
ZABALA CV 45.9000 26.1833 35TML38 571 TSEC 1 1 1 4 4.00 4.00 1 2000 
ZALAN CV 45.9500 25.8167 35TML08 638 TSEC 1 1 1 0.00 0.00 1 1997 
ZARNESTI BV 45.5500 25.3000 35TLL64 776 BIRS 4 4 4 8 2.00 2.00 3 1 1996 
ZOLTAN CV 45.9333 25.8500 35TML18 553 TSEC 1 1 1 4 4.00 4.00 1 1999 
772 7 2 1 6 1 7 77 27 13 3 8 1965 2 . 8 8 3 3 . 3 3 8 234 8 6 159 30 173 18 7 
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THE POLLUTION HISTORY OF THE MINING REGION 
OF NW-ROMANIA, A MULTIDISCIPLINARY PROJECT. 
Erhard Schulz, József Benedek, Sorina Färcaf, Reiner Klemd, Uwe Schleichen, 
Wilfried Schreiber and Thomas Tittizer. 
Abstract 
During the last three millennia the mining regions of northwestern Romania 
(Maramure?, Apuseni) exposed the processes of cultural landscape from the first 
openings to the intensive mining exploitation and pollution during the last centuries. In 
a joint research project colleagues of the universities of Wiirzburg and Cluj (Romania) 
and the Federal Institute of Hydrology (BFG) of Koblenz evaluate the natural (river 
sediments, peat bogs) and historical archives in order to establish a history of cultural 
landscape and pollution. Gcomcdical aspects also take a great part of these 
investigations. The first results evidenced the good resolution and information contcnt 
of the archives and a regional differentiated mosaic of heavy metal contamination. 
This also reveals long distance effects of heavy metal pollution and the actual risks for 
the drinking water supply of the regional population, as well as for the whole Tisa 
river system. The present health situation of the Maramure§ population underlines 
these risks by the elevated incidences of professional diseases. 
Keywords: Carpathians, Romania, Hungary, Tisa River system, mining, pollution 
history, geomcdicine. risk assessment. 
Introduction 
It was in January 2000 as the mining region of northwestern Romania got an 
enormous publicity by the nefarious cyanide spill of Baia Marc (Moran 2001). About 
100000 m of highly concentrated cyanidc slurry was evacuated via the tributaries 
Sasar and Lapu? into the rivers Some? and Tisa. This resulted into cyanide 
concentrations exceeding internationally accepted limits more than a thousand fold 
(VITUKI 2000). 
About a month later an unsufficiently constructed dam of a tailing pond near Baia 
Bor§a collapsed (Tittizer 2000). Consequently, the river Tisa was attacked twice. Once 
by the cyanidc poisoning, which was diluted to less harmful values, only in the 
Danube river and parallely by the longtime pollution with heavy metals which could 
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be stored in the rivers' sediments and finally may acummulate in the food chains. 
Especially the Upper Tisa was hit, since it was known before as a relatively less 
polluted river fulfilling the criteria of the Ramsar convention (Hamar and Sarkany-
Kiss 1999). 
In all there were three severe damages to the Tisa-Danube river systems in a short 
time, sincc in autumn 1999 the Pancevo bombings already causcd severe poisonings 
downstreams, even if they were declared by NATO authorities as collateral damages. 
Both accidents in 2000 could mobilize a great public. EU and UNDP deployed task 
forces to investigate and document the damages and to discuss and propose future 
prevention measurements (UNEP/OCHA 2000, Garvey 2000). EU represents as well 
as those from the national ministcrics of environment announced a generous and 
longlasting aid and environment technique equipment of the regions concerned. At 
least these activities had the same fate as the cyanide flood. They got diluted, 
dissolved rapidly and afterwards they were hardy to detect anymore. 
To get an idea about what planning measurements will be necessary in those 
regions in order to avoid further pollution and to get information on the ways of 
regeneration processes of the ecosystems it will be necessary to elucidate the historic 
evolution and the dimension of human impact. 
Within a cooperation between the universities of Wurzburg (Germany) and Cluj 
(Romania) and the Federal Institute of Hydrology (Koblenz, Germany) there is a 
common rcserach project on the aspects of the longtime pollution of these mining 
regions and on the pollution development during the last millcnia. 
The area of investigation incorporates the most distal parts of the Pannonian 
(Somc§-Lapu$-) Plain and the mountain areas of Tibles, Gutin, Maramurc$ (fig. 5) as 
well as the Apuseni-Mountains. The research is focusscd on the present situation as 
well as it evaluates the natural (river sediments, peat bogs) and historical archives. 
The following questions are the base of these investigation : 
• which arc the steps of the evolution of cultural landscape and of the intense 
exploitation of rcssources? 
• which are the consequences for the Tisa river system? 
• which are the regeneration processes during periods of less intense 
exploitation? 
• which are the consequences of the pollution on the health situation of the 
population? 
• arc there correlations between the mining history and the pollution levels in 
the sediments? 
• which are the conclusions to be drawn from history for development 
possibilities and planning measurements to cope the ncgativ developments? 
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This articlc shall give the first results concerning the present situation and the 
background pollution. 
The region and ist present situation 
The Maramurc? and the Baia Marc region itself take part of the historical mining 
areas of Europe. For long periods mining activities were concentrated on gold and 
silver and it had its first activities in the time of the Hungarian Kingdom whereas the 
Apuseni Mts. were exploited already by the Romans and Dacians. During medieval 
time the richness of the Hungarian Kingdom was founded on these mining activities 
(Fischer and Giindisch 1999, Maghiar and Oltcanu 1970, Schrokcr 1994, Szellemy 
1984, Wollmann 1999 a-d). Today the same orcbcaring lodes in the volcanic and 
cristalline massives of the Inner Carpathians are still exploited. Uplands and High 
Mountains of these regions arc also characterized by a diversified cultural landscape 
based on a long tradition of agriculture and forestry (Gcografia Romanei 1987, 1992, 
Moisei et al 2000, Rosea et al. 1980). 
This resulted into a twofold landscape. For the one it is characterized by traditional 
agriculture and settlement (Maramurc$) and for the other the numerous active or 
abandoned mines and smelters arc typical for the Baia Mare region itself together with 
their tailing ponds and an accelcrated pollution. Moreover, the security state of the 
several decantation basins is very low, so even the scandalously conceived and 
constructed "Aurul" tailing pond was considered as an improvement of security 
(UNEP/OCHA 2000). The lead smelter of Baia Marc (the present "Romplumb") 
became important during the last centurics, and the metallurgical complex „Phoenix" 
processes ores from the whole region including the Apuseni Mts. This results into a 
high charge of lead, copper and zink as dust or solutes coming from exploitation and 
from smelting processes being reinforced by the lamentable situation of the 
metallurgical plants during the last dccennia. Even it would be naive to wait a less 
polluted environment, it is necessary to decide which extremes arc to reduce or to 
buffer in order to arrive to minimum health and environment standards. It also points 
to the necessity of Hungary and Romania, to aline their legislation (and its realisation) 
to those of the European Community. In all, the situation underlines the immanent 
thread for the river system of Tisa and Danube. 
The local context- the town of Baia Mare 
Urban planning of Baia Marc during the time of socialism was characterized by a 
forced industrialization and urbanisation, which was generally characteristic for the 
romanian society. That aggravated some negative evolution for the environment, such 
as the intense interfingcring of industrial zones and residential areas, expccially the 
close neighbourhood of ore treatment plants and food processing factories. This is 
clearly shown in the town map of Baia Mare (fig. 1). Northeast of the town a steep 
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valley harbours closely together the lead smelter „Romplumb" and the residential area 
"Ferneziu". The nearest houses already join the entrance of the factory. This 
neighbourhood naturally affected enormously the people's health situation. 
The mining and ore processing industry of the town is concentrated in the eastern 
part. The actual factory „Allied Deals Phoenix" was founded in 1907 as a chemical 
and sulfuric acid plant and in 1925 it was transformed into a metallurgical complex. 
During the socialist period it was enlarged and at present it represents 40 % of the 
Romanian non-iron metal production. Today 3400 persons are working at the 
"Phoenix" complex, which also is the larges employer in Baia Mare. The intense 
growing of that factory and the extension of the town to the East causcd the present 
interfingering of residential quarters with metallurgical, food processing and ceramic-
plants, a fact which was inforced during the socialist period. The situation is even 
aggravated by the presence of several retailing ponds in the town itself: „Tautii de 
Sus" in the East, „Sasar" and especially „Meda" in the West. The already mentioned 
„Aurul" plant was conceived to treat the retailing pond „Meda" in the middle of 
residential areas. This pond had a load of about 15 mio to material with an estimated 
contcnt of 8 to gold and 50 to silver. Reclaiming should be combined with 
exploitation. A new pond for the remaining material was planned about 15 km west to 
the town. 
Finally, in a „win-win" situation three parties should find advantages: 
a. the population by the creation of about 200 new jobs; 
b. the „Aurul" plant by the extraction of gold and silver; 
c. the administration by the removal of an important source of pollution. 
The plan failed out of insufficiant planning and a dangerous construction of the 
new pond resulting in the well-known cyanidc spill (confer UNEP/OCHA 2000). 
In all, the urban planning did not take into consideration the physical structure of 
the environment. This resulted into the classical basis for enormous pollutions: 
• a relief of narrow side valleys leading to a large main valley with steep slopes 
facing to the West into the Pannonian plain. This relief provokes inversion 
situations since about 220-240 days per year there is calm. Frequent fog from 
the river and about 700 to 800 mm annual rainfall cause rapid precipitation of 
all pollutants and their incorporation into the soil; 
• gases and dust from a rotten industry with no or insufficiant dustfiltcrs arc 
emitted into that depression. This incorporates about 4000 to SO:, 650 to 
lead, 90 to zink and 80 to copper from the main sources „Phoenix", „Sasar", 
and „Romplumb". In the early 90ics „Phoenix" factory did erect a 340 m 
high chimney, which now distributes gases and dust over the town and the 
larger vicinity, depending on the winds direction. A comparable chimncy was 
constructed recently for the „Romplumb" plant. 
In addition, about 24 tons of sterile arc deposited within the town or in the near 
vicinity (1996). This endangers principally the water supply of Baia Marc and its 
surroundings. The water provision for Baia Mare itself is assured by the Firiza 
reservoir, the villages on the countryside however still depend on the shallow wells. 
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Consequently the health situation is endangered in two ways. On the one side there 
are the classical professional or work related diseases and on the other side the 
creeping and immanent risks by unsafe tailing ponds. 
Professional diseases 
Professional diseases are good indicators for the security of the production and for 
environmentally negative processes affecting the health situation of the population. 
Several problems arise by the evaluation of these diseases: access to data on the 
community level is difficult and the reliability of these data is uncertain. 
However, the evolution of professional diseases during the last then years in 
Romania shows a rising morbidity. This depends more on accidcnts and registration 
mistakes, since after the political change the industrial capacity and production were 
largely diminished. 
T u b . 1 I n c i d c n c e s of p r o f e s s i o n a l d iseases in R o m a n i a be tween 1989 and 1998 a f t e r the ve r i f i ed d i a g n o s e s 
( s o u r c e : DSP , Di rec f ia de S i n ä t a t e P u h l i n i . M a r a m u r e $ ) 
Diagnosis 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 
Incidcnces on o/oooo of the 
population 
134,4 142,1 140.4 139,1 162,9 2 0 1 , 5 215 ,2 213 ,4 218 ,2 191,0 
General cases: 1423 1470 1414 1506 1562 1875 2032 2038 2060 1828 
Silicosis 413 502 405 611 586 795 782 605 581 735 
-Silicosis 402 485 394 583 561 781 736 577 554 682 
-Silico- Tuberkulosis II 17 II 28 25 14 46 28 27 53 
Work related poisonings: 536 400 425 405 419 362 362 355 392 336 
-by lead 358 275 308 266 310 241 228 247 270 234 
-by carbon monoxide 38 36 29 45 11 24 36 19 33 16 
Skin diseases 200 208 293 74 78 143 174 156 90 65 
Asthma 55 133 140 199 170 259 241 250 282 202 
Infectious diseases 12 30 23 20 17 49 14 28 37 39 
Ulceration of the nasal septum 26 16 17 19 II 8 40 13 1 13 
Raynaud-Syndrom 21 27 14 11 21 16 57 121 121 100 
Eye affections 28 37 13 11 6 4 6 9 2 5 
Work-related cancers 4 0 0 1 6 5 0 5 3 3 
Deafness 55 27 10 56 50 56 39 112 90 46 
Other professional diseases 62 72 57 85 186 158 289 368 449 275 
Tab. 1. reflects that silicoses, infectious diseases, eye affections and ulceration of 
the nasal septum generally increased. This was caused not only by the deterioration of 
working conditions but also by an ameliorated registration of diseases. Work-related 
deafness and affection of hearing, skin diseases and allergies were increasing too. 
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T i b . 2 I n c i d c n c c of w o r k - r e l a t e d d i c t a s » in t he c o u n t i e t of T r a n s y l v a n i a in 199« ( s o u r c e DSP. I ) i rcc( ia dc 
S i n c l a i r P u b l i c i M a r a m u r c j ) 
Counties (judct) AB Bll BN BV CJ CV MR MM MS SM SJ SB 
Number of 
incidences 
34 18 81 121 27 0 45 4 6 5 25 70 44 86 
% of the general 
number 




2,15 3.64 1.92 3.58 2.53 0,74 0.75 1,17 2,30 2,81 0,78 2.63 
% of the genera 
number/RO 
2.25 3.80 2.01 3.74 2.64 0,77 0,78 1.22 2.4 2.94 0,82 2.75 
Incidences: o/oooo 
of people exposed 
158 49 421 338 107 0 601 3 9 8 0 109 249 564 327 
Average of 
incidences/ RO 
191 191 191 191 191 191 191 191 191 191 191 191 
Differences o/oooo / 
RO 
-33 -142 230 147 -84 -191 410 3 7 8 9 -82 58 373 136 
Number of 
dispenscrics 
7 10 2 8 13 2 3 17 7 6 3 7 
% of the general 
number/RO 
2,07 2.96 0.59 2,37 3,85 0.59 0.89 5 , 0 3 2,07 1,78 0,89 2.07 
I AB (Alba). 2 Bll (Bihor), 3 BN (Bistri(a-Nàsâud). 4 BV (Bra$ov), 5 CJ (Cluj), 6 CV (Covasna). 7 MR 
(Harghita). 8 MM (Maramure*), 9 MS (Murej), 10 SM (Satu Marc). 11 SJ (Slaj) , 12 SB (Sibiu) 
The numbers of incidences differ greatly between the departments of Transylvania. 
It is due to the different degree of urbanisation, the different branches of economy and 
industry, as well as the number of employees and the quality of medical treatment. It 
also shows the poor knowledge about risk and pollution, about the general obsolete 
state of production and technology, as well as about the unsufficient organization of 
technological processes. 
The departments of Transylvania differ from the mean value of Romania. 50% of 
the departments show higher values including Maramure§ with extreme ones. The 
Baia Mare region and its economic structure cause and direct the dimension of 
pollution. Even in this department the risk-exposed people are less numerous, it shows 
the highest number of incidences of all departments. 
The pollution by S0 2 passes regularly the Romanian limits (CMA), also the 
concentrations of cadmium remain permanently on a high level. Acid rain is a well 
known phenomenon in the whole region. Also the technological improvement of the 
industry between 1992 and 1996 could not diminish the soil pollution by the numerous 
inherited environmental burdens. 
The heavy metal pollution represents the main risk for the public health in Baia 
Mare, and lead stays for the most dangerous of these elements. It accumulates in the 
blood and bones and it has also negative consequences for the childrcns cognitive 
development. There are some studies on the risks of lead pollution, however data prior 
to 1995 are not very convincing (internal information public health authority Cluj). 
Acccss to the results of studies, younger than 1995, is very difficult. This explains the 
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poor transparency of public and private institutions and also it represents a serious 
problem for future studies. Useful investigations rely on the extrapolation of blood 
analyses of children. WHO conducted a study (cited after UNF.P/OCHA 2000), which 
was focussed on the above-mentioned "Ferneziu" quarter in the vicinity of 
"Romplumb" factory. The transfer of these results to the whole town remains difficult. 
The charge of lead was measured to 0,532 mg/dl in adults and 0,633 mg/dl in children 
(the limit is 0.1 mg/dl for children and 0,2 mg/dl for adults). In 2000 the public health 
authority of Cluj made another investigation (Glasul Maramurc$ului,2000). This time 
it was carried out in the whole town and it was focussed on children of an age between 
7 to 11, which allowed a spatial differentiation. The pollution rises from the western 
residential areas (0,15 mg/dl) to the historical center and the industrial quarters in the 
East (0,28 mg/dl) and further on to areas in the North- East (0,32 mg/dl). Again the 
"Ferneziu" quarter bears the greatest load with 0,77 mg/dl. The study underlines that 
47,6 % of the children of Baia Mare of an age between 7 to 11 expose lead 
concentrations in their blood from 0,3 to 0,5 mg/dt and that 10% of the children have 
values of more than 0,7 mg/dl lead. 
There is no comparative study on the air pollution by dust and carbon monoxide, 
even if they represent the main risk factors for the public health. It will be necessary to 
identify all the emission sources, to evaluate and finally to restore them. Only a 
technological reorganization of the industry or its general transformation and a new 
concept of the public health management will allow an amelioration of the health 
situation of the population of Baia Mare region. 
Fig. 1. T o w n - a n d l a n d use m a p of B a i a - M a r e ( B e n e d e k a n d M o l n a r 2001, m o d i f i e d ) 
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New cases of professional diseases: 
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1 2 3 4 5 6 7 8 9 10 
Period: 1989-1998 
Fig. 2. I n c i d e n c e of work r e l a t e d d i seases be tween I9K9 and 1998 ( B e n e d e k a n d M o l n a r 20(11, m o d i f i e d ) . 
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Fig. 4 P o l l e n d i a g r a m f r o m T a n Zanog i i t i i . S o u t h e r n C a r p a t h i a n s showing i n d i c a t o r s of hum ui i 
i n t e r f i r e n c e d u r i n g the last t h r e e m i l l e n n i a ( F a r e a s et al . 20011. 
The dust pollution in the regional context 
The above described health situation in Baia Mare and studies connected to the 
„Aurul" and Baia Bor§a-accidents (Hamar 2001, UNHP/OCHA 2000) evidenced a 
general high charge of lead, copper and zink in the region. These elements are also 
known as classical indicators for industrial activities (Pauth 1985, Harres et al 1987, 
Radtkeeta l . 1997). 
If one wants to follow the evolution of pollution through the centuries and to detect 
periods of extreme pollutions and of regeneration it will be necessary to find the 
apropriate archives. They must allow a precise registration of the environmental 
situation and they must preserve these signals. Normally one would seek for 
meromictic lakes and peat bogs, whereas fluvial sediments are only of second order, 
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since resedimcntation is always included (Berglund 1965). Anyway, finegrained 
deposits from backwaters in the mouth of a tributary (like Lapus in Someç) may be 
useful since they were deposited calmly. Moreover the situation will allow that they 
register the charges of the whole catchment area. 
Historical archives depict the extremely complicated mining history of this region 
(Maghiar and Olteanu 1977, Schrocker 1994, Wollmann 1999a-d). It is also 
illucidated in palynological investigations from the Apuseni and Ciultai Mts. 
(Bjorkman et al. 2002, Bodnariuc et al. 2002. Farcas et al. 2000, Feurdean et al. 2001, 
Mitroescu et al. 1989). A pollen diagram from the southern rim of the inner 
Carpathians may explain the different phases of human impact on the forest 
composition in the relation of Fagus. Picea. Pinus and gramineac during the last 3000 
years (Farcas et al. 2000). Comparable investigations were done in the Banatian Mts 
(Rosch and Fischer 2000). In this context it will be ncscessary to investigate a great 
number of sequences to depict the dimension of forest exploitation and changes. A 
longlasting mining and metallurgical history also incorporates an intensive forest 
exploitation or an organized forestry. Wood was necessary for the mine constructions 
but for the greater pan for the metal smelting itself (Thomasius 1994). 
Fig. 5 B l o c k d i a g r a m of the Baia M a r e und B o r j a r eg ion also s h o w i n g the c o r i n g ( d r a f t S c h u l z , 
c a r t o g r a p h y W e p l e r ) 
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Several peat bogs on the plateau between the Baia Mare and Maramure? 
depressions were cored in october 2000 as well as fluvial deposits in the direct vicinity 
of the „Aurul" pond and in the terrasses around the mouth of Lápu? into Some? 
(Fig.5). The peat bogs on the plateau may capt the dust transported from westerly 
winds, whereas the fluvial sediments may register the complete situation of the 
catchmcnt area. 
The sediments were taken by a modified Livingston piston corer, respectively a 
Russian corer for the peat bogs. The complete section of finegrained material of the 
Lápu? terrace was taken as well as the peat bogs could be cored down to the the 
technical limits. To get a further information on the actual pollution we also sampled 
the Vi$eu River terrace at Bistra containing the load of the 2000 Baia Bor§a spill (s.a.) 
and fine accumulations near Bor$a and Baia Bor§a. These terrasses only allowed short 
cores. Samples from the top of the cores and from various depths were analysed for 
their heavy metal content in the laboratories of the Federal Institute of Hydrology/ 
Koblenz and of the Mincralogical Institute of Würzburg university using a 
wavelengthdispersive x-ray fluorescence-spectrometry (Phillips PW 1410 at 
Würzburg) with a 10% or more accuracy. Because of the limited quantity the whole 
material was treated. This was to test whether the information content of the sediments 
was clearly diffcrcnciated along the core or whether it only was a mixture. 
Remarkable regional differences are visible in comparing the surface samples (fig. 5) 
and the heavy metal contents clearly diminish with the depth of the sequences. Lead, 
copper and zink are mentioned as the most important indicators in order to allow a 
comparison the the samples taken along the rivers Vi$cu and Upper Tisa at the same 
time by colleagues from Szolnok and Cluj (Hamar 2001). 
The two sediment cores from the distal Pannonian (Some§-Lapu§) Plain show 
relatively moderate values even the EU limits are largely passed: lead 143/146, copper 
60/39 zink 193/207 each in ppm (fig. 6). The enormous consumption of zink dust by 
the gold extraction process explains the fact that zink values pass those of lead. The 
sediments on the plateau at about 1000 m elevation show remarkable differences to 
those of the plain. Lead concentrations rise with a factor of two to four (447 / 267) 
whereas zink has elevated values (333/119) only in one peat bog, copper behaves 
comparable to the sediments from the Somc§ plain. If one looks to the results from the 
deeper sediments, it becomes clear that they diminish in the river plain and on the 
plateau to about 30 ppm for lead with the exception of the peat bog near Creasta 
Cocosului. Copper remains comparable in its values. Zink retains a concentration 
between 65 and 157 ppm. Investigation of peat bogs in the Apuscni Mts. also reported 
an elevated heavy metal-pollution (Mitrocscu et al. 1989). 
This demonstrated a general concentration of pollutants on the plateau since during 
west wind situations the dusts from the foreland is transported over the plateau. The 
heavy metal contents of the fluvial terraces of Baia Bor§a and Bor§a however arrive to 
totally different dimensions. Lead rises to concentrations of 939 and 308 ppm, zink 
climbs up to 1890 ppm also copper shows concentrations up to 538 ppm. These values 
arc comparable to those reported from river terraces in old mining areas in Central 
Europe (Fauth et al 1987). For the Baia Bor$a area it is easy to explain since it is the 
region of ore extraction. However the situation near Bor$a is problematic since the 
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local population relies to shallow wells for the water supply as it is the case in the 
Some? plain. Even if the accumulation of heavy metals in the top soil of forests and 
peat bogs is different (cf. Schultc and Blum 1997), and if the mobilisation of heavy 
metal dust from sediments into the ground water is to verify (Symadcr 1984), the level 
of all possible tolerances is largely passed. This results into an general thread which 
also explains the public health situation (s.a.). 
These heavy metal contents arc generally higher than those reported in the 
gcochemical atlas of Romania (1GR/BGR 2000, Sievers friendly communication) lead 
for example with a factor three. This may be due to he fact, that the surface sediments 
accumulated all dust deposits, whereas the river sediments themselves depict the 
respective actual condition of the transported material. There is also a large variety in 
space and in time. Copper and zink however show less pronounced differences. 
A compilation of the results obtained on samples collected in octobcr 2000 from 
the Wurzburg group in the Pannonian Plain and on the plateau and from the Szolnok 
group along Vi$cu and Upper Tisa (Hamar 2001) demonstrated the dillution effects 
along the Vi$eu and Upper Tisa rivers, the differences between the plains and the 
plateaus, as well as the elevated values in the extraction zone of Bor§a / Baia Bor§a 
(fig. 6). 
The pollution background 
Parallel to the evaluation of the actual pollution the sediments cores already allow 
an estimation of the background pollution without a strong human influence. In this 
context one has to count with a lead concentration of 30 to 40 ppm, zink values 
between 60 and 170 ppm and those of copper af about 20 ppm. This stands for the 
Some? plain as well as for the plateau. The investigations on the Holocene sequence of 
Csaroda (NE-Hungary) also showed similar low concentrations of lead, copper and 
zink until the periods of intensive human impact (Sümcgi 1999). The sediment core 
from the Viscau tcrracc behaves differently. Lead and copper have low concentrations 
only zink has values comparable to those of the Some? plain. There is no change with 
the depth. This may be caused by the sediment mixture during high floods in the steep 
valley different to the situation at the Lapu$ mouth in the Some? plain. 
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Fig. 6 C o m p a r i s o n of (he a c l u a l heavy me ta l c o n c e n t r a t i o n s of s u r f a c e s e d i m e n t s in the Baia M a r a and Bor?a r eg ions and a l o n g the r i v e r s Vi$eu and U p p e r 
T i s a ( a f t e r H a m a r 2001 and own i n v e s t i g a t i o n s , d r a f t S c h u l z , c a r t o g r a p h y W e p l e r , t o p o g r . Basis : C a r t o g r a p h i a 1999) 
Conclusions 
The first results of investigations of the present and past heavy metall pollution, in 
the Baia Mare region show the general good quality of the natural archives and clear 
differences in the contenst of heavy metals of the different sediments depending on the 
exposition or on extraction and dust deposition. It becomes clear that the present 
heavy metal concentrations on the peat bogs at about 1000 m elevation are two to 
three times higher than those of the Some? plain. The extremely high concentration in 
the settlement area near Bor$a may be explained by the near distance to the ore 
extraction area however it represents a direct thread to human health, sincc the local 
water supply depends on shallow wells as it is the case for the villages in the Some? 
plain around the „Aurul" pond too. 
The present lead concentrations depass, with one exception, all the limits for soils, 
defined for Central Europe (cited from Harris ct al. 1987). In the Bor§a/ Baia Bor?a 
region it also stands for copper and zink. The heavy metal concentrations decrease in 
the lower sediments in the plain as well as on the plateau beneath the above cited 
limits and so they may define the geological background pollution. Today the region 
has a generally elevated pollution background comparable to other mining areas 
(Faudt et al 1985, Harris et al 1987, IGR/BGR 2000). The threat for the public health 
however is inforced by the interfingering of metallurgical and food processing plants 
with residential areas. This is also explained by the comparison of the national and 
regional (Maramure?) health situation. In addition, there is the general thread of 
extreme damages caused by the insufficcntly protected inherited environmental 
burdens and by some scandalously conceived and constructed ore processing plants 
and their retailing ponds (cf. ICPDR 2000). This also represents an imminent danger 
for the whole Tisa River system. 
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Zusammenfassung 
Die Bergbaugcbictc Nordwest-Rumäniens (Maramurc$, Apuseni-Gebirge) zeigten 
über die letzten drei Jahrtausende exemplarisch die Prozesse der 
Kulturlandschaftsentwicklung von den ersten Öffnungen und Umstellungen der 
Landschaft zu intensiver Nutzung, den Regenerierungsphasen und der erneuten 
Nutzungsperioden seit der ungarischen Landnahme bis hin zu den intensiven 
Ausbeutungs- und Verschmutzungsphasen der letzten Jahrhunderte. Ein 
Kooperationsprojekt von Kollegen der Universitäten Würzburg, Klausenburg (Cluj, 
Romania) sowie der Bundesanstalt für Gewässerkunde Koblenz wertet die natürlichen 
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(Flusssedimente, Hochmoorablagcrungen) und historischen Archive (Berichte, 
Karten) aus und bearbeitet dabei die Fragen nach den Etappen der 
Kulturlandschaftsentwicklung, nach den unterschiedlichen Dimensionen der Belastung 
innerhalb dieser Entwicklung, nach den Auswirkungen der Umweltverschmutzung auf 
die Gesundheit der Bevölkerung sowie nach möglichen raumplancrischen Maßnahmen 
zur Bewältigung dieser negativen Erbschaften. 
Erste Ergebnisse zeigen einerseits die gute Auflösung und Reichhaltigkeit der 
Archive und andererseits das räumlich unterschiedliche Muster der 
Schwcrmctallbclastung. Insbesondere werden dabei neben den generell hohen 
Kontaminationen die starke Fernwirkung und die aktuelle Gefährdung der 
Trinkwasserversorgung der Bevölkerung in einigen Regionen sichtbar. Die aktuelle 
Gesundheitssituation des Kreises Maramurc? belegt diese Gefährdung in der generell 
erhöhten Inzidenz von Berufserkrankungen. 
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THE MURE$ CATCHMENT AREA NATURAL PARK 
Libus András f 
Abstract 
The paper presents a short protection and research history of the Mure? Catchment 
Area Natural Park. The Park is localized downsteram of Arad town up to the 
Hungarian border. The characteristics ecosystems are steppe-type grasslands, meadow 
forests, swamps and marshes in different stages of eutrofication. Several species 
occuring here arc listed in the appendix of the Bern Convention and the area is one of 
the Important Bird Areas (IBA) in Romania. The authors' conclusion is that in order to 
maintain biodiversity, concrete measures of protection and conservation arc necessary 
in the Mure? catchment area. 
Keywords: Mure? catchment area, biodiversity, protection 
Short history of the protection 
The first approach to dcclare it a reservation was made in the year 1972, at the 
symposiums organized at Pecica and Arad by 1. Moldovan and A. Ardelean. 
In 1982, by the decision of the County Council, Lake Bezdin (24 ha) and Prudul 
Mare (16 ha) were declared Natural Reserves. In 1991 the reserve was increased to 91 
ha. Paralclly, in Timi? County the Cenad Forest (314 ha) was put under protection. 
The foundation of the complex reserve "The Inferior Mure? Catchment Area" started 
in the year 1998 on the basis of the documentation of the Arad Environmental 
Protection Agency. The idea of the creation of the Mure? Catchment Area Natural 
Park was continued by the Forest Management of Arad, with the contribution of Head 
Manager Al. Priv and with the Phare CBC Project in the year 2001. 
The project includes four components: 
the protecion of the area 
the creation of the visiting centre 
the monitorization of the ecosystems 
the promotion of tourism. 
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Short history of the research 
From a scientific point of view, the area has been the object of a few studies, made 
by L. Simonkai. I. Pop. A. Ardclean, C. Drägulcscu. I. Hodi$an, Gh. Groza, Fl. Vulpc. 
The lepidopter fauna has been studied by Fr. König. During the last decades 
ornithological observations have been made by D. Lintia, E. Nadra, A. Sárkány, Z. 
Szombath et al., A. Libus. An international research team began a complcx study on 
the river Mure? in the year 1991. 
Localization 
The boundaries of the Inferior Mure§ Catchment Area arc: downstream the town of 
Arad up to the border with Hungary (approx. 75 river km). On its left and right banks 
it is bordered by the high loess terraces (major riverbed). The dykes built on the 
occasion of the regularization of the river border both banks. The holm area (minor 
riverbed) is 1 -5 km broad. 
The description of the area 
Downstream Arad the Murc§ River has the characteristics of an inferior river 
course, forming numerous meanders and islands. Downstream Arad there lie meadow-
forests on a surface of 5819 ha, being under the administration of the Forest 
Department of Ccala. Beginning from 54 km downstream, the forest vegetation 
continues only on the left bank in the form of protection courtain (breadth: 50-100 m), 
up to the locality Cenad (Timi§ county). 
Characteristic ccosystems 
The steppe-type grasslands on loess, partly degraded, can be found on the steep 
slopes of the high tcrrace, on small surfaces. The indicator floristic elements arc: 
Fesiuca rupicola. Salvia austriaca and Adonis vernalis. The meadow forests of the 
area are mainly natural riverside coppices, occupying about 15% of the total surface. 
Coppices with willows and poplars prevail, occupying the lower meadow areas, which 
are often flooded. Characteristic spccics are: Salix alba, Populus alba and Populus 
nigra. Lians are frequent: Vitis silvestris. Clematis vitalba. Humulus lupulus. In the 
recent years the adventitious species Echinocystis lobata has been invading. The 
coppices with oak-ashtrcc-clmtrec in a natural state lie on smaller surfaces, in the 
higher meadow. Species of trees: Quercus rohur. Fraxinus angustifolia, Ulmus laevis, 
Acer campestris. In the bush-layer the species Cornus sanguineus, Euonymus 
europaeus and Crataegus monogyna prevail. The grass layer is rich in the spccics: 
Scilla bifolia. Anemone ranunculoides, Alliaria petiolata, Corydalis cava, Slachys 
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silvestris. Two spccies of orchids have been found: Platanthera bifolia and Epipactis 
helleborine. In the last few years small lots of oak-groves of saltings were identified 
(Galatello-Quercetum roboris) in whose clearings we can find the association 
Peucedano-Asteretum sedifolii, characteristic for soils in the course of salinization. 
The wet zones from the Mure? catchmcnt area lie on remarkably large surfaces. 
Mainly in the old deserted riverbeds we can find paludous vegetation, as well as along 
the dykes, where in the holes the water remaining after floods persists. These arc 
swamps and marshes in different stages of cutrofication, with the pevailing species: 
Phragmites australis, Typha angustifolia; Schoenoplectus lacustris. Lake Bczdin is 
much more known, where water lilies can be found (Nymaphaea alba. Nuphar luteum) 
as well as species like Salvinia nutans, Utricularia sp.. Sagittaria sagitti/olia, Senecio 
paludosus. 
The forests in the minor riverbed are bordered by mcsophyle meadows. From the 
fauna of the area we should mention the species that arc present in the 3rd appendix of 
the Law nr. 236 as to protected natural areas, as well as in the Bern convention: 
Mammals: 4 species 
Birds: 72 spccies 
Reptiles: 1 spccics 
Amphibians: 6 spccics 
Fish: 7 species. 
Owing to the varied biotops and to the fact that the Mure? Valley is crossed by 
important routes of birds of passage, the Mure? Catchmcnt Area is one of the 
Important Birdfaunistic Areas (IBA) of Europe. There are 44 IBAs in the country. 210 
species of birds have been identified, among which about 100 spccies are breeding 
birds. 
According to the IBA criteria, from the endangered species of the world 3 species 
are present in the area, which nested here a few decadcs ago: Haliaetus albicilla 
(white-tailed eagle), Aythya nyroca (ferruginous duck), Crex crex (corncrake). In a 
natural park it would be possible to stimulate their re-nesting. 
From among the spccies endangered in Europe, there arc 53 spccics to be found 
here, from which we mention a few nesting spccics: Botaurus stellaris (bittern), 
Nycticorax nyclicorax (night heron), Egretta garzetta (little egret), Pernis apivorus 
(honey buzzard), Mitvus migrans (black kite), Aquila pomarina (lesser spotted eagle), 
Falco vespertinus (red-footed falcon), Coracias garrulus (roller), Sylvia nisoria 
(barred warbler). 
Conclusions 
In order to maintain biodiversity, concrete measures of protection and conservation 
are necessary in the Mure? catchmcnt area. 
255 
References 
1. Monografía Simonkai - Flora comitatus et urbis Arad, 1893 
2. D. Lintia - Pasarile din R.P.R.. vol. III.. Bucure§ti. 1955 
3. E. Nadra - Catalogul sistcmatic al colcctici ornitologicc al Muzcului Banatului. 
Timisoara, 1972 
4. V. Ciochia - Pasarile clocitoarc din Romanía. Ed. st. 1992 
5. I. Hamar - A. Sárkány - Kiss - The Mure? River Valley, Szolnok. Tg. 
Mure?. 1995 
7. A. Ardelean, Fl. Dumcscu, M. Covic - Rczervatiile naturale si monumentcle 
naturii din judctul Arad, 2000 
256 
T I S C I A m o n o g r a p h s e r i e s ( 2 0 0 2 ) . 6 . 2 0 5 - 2 3 4 
IMPLICATIONS OF THE INTERDEPENDENCE OF 
HUMAN AND NATURAL ENVIRONMENT. 
CASE-STUDY OF THE RIVERINE POPULATIONS 
OF THE MUREÇ RIVER 
Veress Enikô 
Abstract 
The implications of the human environment on the pollution of the ecosystem of 
the Mure? river arc significant and the paper deals with the reactions of the human 
environment towards this theme and the possible solutions in order to prevent further 
pollution which could come from the inside of the local human communities alongside 
the river. The research reveals the directions we must emphasize in order to activate 
the local actors in the ecological activities. 
Keywords: resource-dependency, local initiative, ecological education, punitive 
measures. 
Alongside the history of mankind, the development of human communities was 
always dependent on the natural resources surrounding their settlement. People always 
settled down in the vicinity of a natural (mainly water) resource, this way they could 
ensure the premises in the construction of their households and the development of 
their local economy. Even if sometimes the river or the stream was not quite friendly 
to them, people always had returned after the floods and continued their lives in these 
places. 
A new way of approaching the problems of the ecosystem of the river has 
determined us to expand our attention in this project to the possible conscquences of 
the interdependence of the different elements of the ecosystem: the social environment 
of the river Mure?. The evolution of the resource-dependent human community was 
and is a traditional interest of the sociology of communities. The theme of resource-
depcndency resonates in both the early community studies and in the contemporary 
boomtown research studies from the nineties. In the research upon the Mure? riverine 
populations the emphasis was on the study of the other side of the relation between 
natural and social environment, that of the influence of the social community upon the 
surrounding natural environment. 
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Considering the importance of the interdependence of these two elements of the 
ecosystem, one cannot handle the problems of the sustainable development of the 
riverine communities alongside the Mure? without studying these aspects. 
In order to make a broader analysis of these implications, we have made a research 
based on a complcx methodology over the human communities alongside the stream 
of the Mure? to analyze the way the inhabitants relate to the vicinity of the river and 
the way this could influence the life and development of their settlements. 
For a better grasp of the attitudes of the riverside population both quantitative and 
qualitative methods were used. So the first stage of the social analysis has started in 
the autumn of 1999 and included the qualitative research. The interviews made with 
the most important local actors (local authorities, schoolmasters, priests, top-managers 
in enterprises in the neighborhood of the Mure?, ferrymen, fishermen, private farmers) 
of the rural and urban establishments included in the sample gave us a broader view of 
the attitude of the community towards the actual situation and the possible variants of 
the development strongly influenced by the vicinity of the river. The close emotional 
link of these people to the river and their strong will to preserve the quality of the 
Mure? at least as it is now, and if possible even to improve it was the main finding of 
the interviews. The year 2000 has been the starting-point in the quantitative research, 
applied to a representative sample of 580 individuals (the number of questionnaires 
applied in a locality was determined by its demographic and economical potential). 
I would like to make a brief presentation of the localities from the sample. In 
choosing the sample geographical location was taken into consideration, so we 
included in our pattern settlements from the upper-, middle- and lower reaches of the 
Mure?. Another condition in choosing the settlements from the sample was their 
economic potential and theway the economical life of the community influenced the 
actual quality of the river. This was certainly a relation of interdependence, as the 
vicinity to the river influenced the development of the rural as well as the urban 
settlements in the course of their history. And last but not least the demographic 
potential was as well important in the choice of the settlements' sample, so there were 
two small-size communities with a population below 4499 inhabitants (Santimbru 
«including the villages of Santimbru and Co?lariu», county of Alba and Ungheni, 
county of Mure?), two middle-size communities (Ciumani, county of Harghita and 
Vinfu dc Jos «including Santimbru and Vurpar», county of Alba) with a population 
between 4500-9999 inhabitants and two large-size settlements (Aiud «including Aiud 
and the suburban Ciumbrud», county of Alba and Pecica, county of Arad), with a 
population of over 10.000 inhabitants. So there were in all nine settlements where the 
questionnaire was applied. This choice was made in relation to the territorial 
expansion of the flow of the Mure? River. 
Briefpresentation of the human settlements included in the sample 
In the following I will try to shape the pattern of the settlements used in the social 
research, making a virtual excursion along the river of Mure?, making an incursion in 
the past of these settlings and showing the actual tendencies of the present 
development. 
The first locality from our sample is Ciumani, in Hungarian Gyergyocsomafalva, 
from the county of Harghita, the closest settlement to the spring of the Mure?. It is 
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situated in the upper reach of the Mure?, in the microrcgion of Gheorghcni, at an 
altitude of 745-770 m at the conflucncc of the streamlet of Nagy-Solymos and the 
Mure?. As an independent settlement it is mentioned from 1730 (before it had 
belonged to the village of Joscni- in Hung. Gycrgyóalfalu- from the same county). 
Now it lies between Joseni (distance of 2 kilometers) and Suscni (3 kilometers). It is 
situated in the attraction-orbit of the greatest settlement of the region, the town of 
Gheorghcni (in Hungarian Gycrgyószentmiklós) from the same county, at a distance 
of nine kilometers. The industrialisation from the communist era didn't bring a 
massive depopulation of the village of Ciumani in such a great measure, as the local 
active population had the possibility of commuting to Ghcorghcni, where the need of 
labor-force snatched up the actives from the nearby villages, so from Ciumani, too (in 
1991 41.0% of the actives were commuters). So the population from Ciumani did not 
suffer a massive depopulation in the communist era (at the census from 1992 its total 
population was of 4808 inhabitants. From the first census made on the basis of a real 
scientific methodology from 1880 until 1992 we can sec that the population of the 
village had an upward development. From the data we have from 1996, the population 
shows a slow decrease in the nineties, mainly explainable with the international 
migration of the younger fertile population, but in the same time this is a feature of the 
third phase of the demographic transition which has reached in the last decades of the 
last century the countries from the Central and Eastern Europe as well. 
Having a location which is hardly proper for agriculture (the average temperature 
is of 5°C, being one of the lowest from all over the country), the local population is 
forced to migrate in order to make their living. Its population was always known as 
being very skilled in carpentry, and even in the medieval monographics of the region, 
it is mentioned as being a feature in the local economy of the village. Another 
characteristic is the existence of more than 10 mineral wells, the historian Orbán 
Balázs in the 19lh century mentioning that the local population uses only the water of 
these mineral wells and not that of the nearby brooks. 
The vicinity of the Mure? river and the nearby streamlets had an influence upon the 
local economy, people trying to use the energy of water in their activities as an 
important source of income linked to the processing of the wood. So even from the 
18' century there were water-sawing machines and even water-mills. 
After 1989, the local economic situation could not escape the overall standing of 
the country. The downward tendency of the industrial development of the zone led to 
the disponibilisation of the commuting workers of the villages nearby. This is valid for 
Ciumani as well, where people could not perform a sustainable agriculture because of 
the natural conditions, and they tried to get involved in other sectors. So many of them 
(mainly the male population) commutes monthly - a very common way of migrating 
after 1989 - to other regions, mainly to Hungary, working as carpenters, mainly in the 
field of constructions. 
One of the alternatives in the sustainable development of the village of Ciumani is 
considered to be local tourism (mainly rural and agro-tourism). The natural 
environment (the clcar water and the closeness of the mountains and forests) and the 
cultural (historical, architectural and ethnographical) potential as well as the relatively 
259 
good infrastructure and the lodging possibilities can make the village develop in this 
sector. 
The local actors we have interviewed (the mayor, the history professor and the 
Roman-Catholic priest) were strongly convinced that the vicinity of the Mure? River 
has contributed to the development of this village, partly because the infrastructure has 
been developed from the 19lh century as a conscqucncc of the strategic location by the 
Mure?. The good quality of the river can contribute in the near future to the boom of 
the local tourism, so they consider that they have to preserve (at least) the actual 
ecological situation of the Mure?, not only because it can be one of the attraction-
points, but also taking responsibility towards the forthcoming generations who will 
hopefully use the river in their leisure activities. 
The next village from the sample is Unghcni, from the county of Mure?, located in 
the site of the river, which is called the Lunca Murc?ului. Considered by the social 
geographist Vofkori László one of the most interesting zones of the river is one of the 
most important (both economically and demographically) micro-regions alongside the 
river. (Vofkori László, 1999(.This site includes one of the most important urban 
settlements alongside the Mure? River (Tárgu Mure?-Hung. Marosvásárhely, German-
Neumarkt am Miresch) and other seven communes located all on the course of the 
river (Maroskercsztúr, Marosszentanna, Nagyernye, Jedd, Marosszentkirály, 
Marosszentgyörgy, Ungheni-Nyárádtoc). This site is located on an area of 264 square 
kilometers, with a population of 199.619 inhabitants (data from the last national 
census from 1992). 
Ungheni (Hung. Nyárádtő) is situated on the upper reach of the river, being one 
of the most important settlements in the county of Mure?, located at the confluence of 
the rivers of Mure? and Niraj. It has a favorable positioning, being located at a 
distance of only 10 kilometers from the county seat of Tárgu Mure? (Hung. 
Marosvásárhely, Germ. Ncumarkt), at an altitude of 296 m, one of the lowest places in 
the region. Unghcni is the administrative ccntrc of the commune with the same name, 
commune which includes besides Ungheni, the following villages: Ccrghid 
(H.Nagycserged), Cerghizel (Kiscsergcd), Sáu?a (Sóspatak), Vidrásáu (Vidrátszeg) 
and Recea (Nagyrécse). In 1992 the commune had a population of 6609 inhabitants, 
Unghcni having a population of 3731 inhabitants. This settlement exists from the 
times of the Dacians, was an important locality in the Roman times, even now locals 
speak of the existence of a Roman road. Its strategic settling led along the history of 
the village to many good and bad things. Positive elements were thanked to the 
possibilities of a sustainable development of the local economy because of the vicinity 
of the water and the better development of the infrastructure (network of roads). The 
negative part in its history was due to the same elements: the vicinity of the river and 
the strategic importance of the village. This led to many distinctions caused by the 
frequent floods of the river, and in the course of history was many times occupicd 
along the military campaigns. It is a village with a multifunctional economy, fact 
being sustained by the existence alongside the agricultural activity of local industry: 
two water-mills on the river of Mure? and Niraj and a local distillation plant. The 
vicinity of the river and that of the city of Tárgu Mure? has been of great help for the 
development of the village. 
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Aiud (Hung. Nagyenyed, German Strassbourg) is the only urban settlement of 
the sample, situated on the right side of the Mure? River, in the county of Alba at the 
contact of the Mountains of Trascau with the Plateau of the rivers of Tarnava at an 
altitude of 270 meters. This settling assures the locality a very favorable resource in 
the development of an efficient agriculture, especially the wine-growing (its nobile 
wines arc famous all over the country). 
We have chosen two settlements from Aiud, one was that of Aiud and the other 
one was the suburban Ciumbrud, administratively subordinated to Aiud. The city of 
Aiud is positioned on a total surfacc of 624.157 hectares, site which includes the ten 
suburban localities which now administratively belong to Aiud. These ten localities 
arc: Aiudul dc Sus (Hung.: Felenyed), Gamba? (Hung.: Marosgombas), Magina 
(Hung.: Muzsnahaza, Germ.: Musscndorf), Pagida (Hung.: Kisapahida), Ciumbrud 
(Hung.: Maroscsombord), surface: 80,81 hectares, 1497 inhabitants, Sancrai (Hung.-
Enyedszcntkiraly), Garbova dc Jos (Hung.: Alsoorbo), Tifra. Garbova de Sus (Hung.: 
Fclsoorbo) and Garbovita (Hung.: Kozeporbo). At the census from 1992 the town of 
Aiud (including all the suburban localities) had a population of 24.731 inhabitants. 
These settlements have existed from the Roman times, fact supported by the 
material proof of the nearby archcological site. In the 13th ccntury Saxon settlers had 
built a fortress, the town maintaining its medieval characteristics even now. 
The economy of the town influences the downstream quality of the water of the 
Mure?. So industry, developed mostly after the seventies in the process of the forced 
industrialization, has led to the pollution of the river. The hard industry, and especially 
the metallurgic plant and the concrete elements plant arc the main sources of pollution 
for the Mure?. Even though after 1989 the economic situation has led to the decrease 
of the importance of the industrial sector in Aiud, the industrial sector still occupies 
25% of the territory of the town. 
As it is shown from the interviews made at the local council and at the 
Environment Protection Agency (EPA), the main purpose would be to rehabilitate the 
natural environment compromised by the unauthorised depositation of industrial 
garbage (mainly from the metallurgical plant), to punish the polluting sources and to 
bannish this kind of depositation. The local authorities (at least at the declarative level) 
arc very keen on the finalization of the project of protection of the natural 
environment, but they complain beacusc of the shortage of financial resources. 
The questionnaires applied in this town prove that the majority of the population is 
aware of the importance of the preservation of a proper environment, most of them 
complaining that there it is too little done by both the civil society and the local 
authorities. 
There is still uncertainty among the respondents about the proper measures that 
must be taken in order to preserve an unpolluted environment, most of them expecting 
others (namely authorities, specialists) to do this. 
Santimbru (hung. Marosszentimre), our next commune downstream the river 
Mure? is situated in the county of Alba, in the vicinity of the county seat Alba Iulia, at 
a distance of 8 kilometers. We have included two villages from this communc: the 
community centcr-Santimbru and Coslariu, situated at 2 kilometers from the center. 
Having very favorable conditions, a soil of good quality and a good transportation 
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infrastructure (roads as well as railway-station). Santimbru is a village where the 
natural resources made the local development possible even during the communist 
period Small industry and services (transportation) has been an alternative in surviving 
even after 1989. The commune is one of the most prosperous one in the zone and the 
vicinity of the river of Mure? was and still is of great help in the maintenance of a 
socio-economic and demographic situation (in 1992 the population of the village has 
been of 1154 inhabitants, this meaning 43% of the whole commune's population). 
Still with all this resource-dependcnce, by the interviews made by us with some 
local actors of the village of Santimbru, we have realized that people seem not to be 
aware of the importance in the maintenance of a proper quality for the river has helped 
them throughout the history, waiting for "advice" from the authorities of the county of 
Alba and the central ones. 
The next settlement of the sample is the village of Vintu de Jos (hung Alvinc, 
germ Unter-Winz, Winzendorf). This commune is situated in the county of Alba at a 
distance of 12 kilometers from Alba Iulia, with a population of more than 8000 
inhabitants. Besides the administrative center, the commune includes Sibi§eni (hung. 
Sibisan), Inuri (hung. Borsomezo), Vurpar (hung. Borbcrek). 
In our sample we have included two villages from this commune: Vinju de Jos and 
Vurpar. 
Vin{u de Jos is a settlement with an impressive history. The actual settlement was 
built up by the Saxon settlers in the 12lh century and now it is an important railway 
junction. Its historical and cultural potential (Vintu de Jos has one of the nicest castles 
built on the place of an earlier Dominican monastery in the 17lh century) can be a 
possible solution for the multifiinctionalization of the local economy by the 
developing of tourism. Its good site and its developed infrastructure has led to the 
socio-demo-economic development of Vin{u de Jos, and besides the agricultural sector 
which is well developed here (the surroundings arc known as having famous 
wineyards which produce wines of good quality as in the case of Aiud), small industry 
and services had developed along the settlement's history and even after 1989. 
On the lower reach of the river is the village of Pecica (hung. Marospecska), 
situated in the countyof Arad at a distance of 20 kilometers from the county-seat, 
Arad. The commune of Pecica includes the following villages: Bodrogu Vechi (hung. 
O-Bodrog), Rovine (Hung. Magyarpecska), Pecica (Hung. 6-pecska) and Turnu 
(Hung. Torony). It is the only villagein our sample which is situated in a plain, and 
probably is the most prosperuous village from our sample. The first proofs of the 
existence of a human community were found in the late neolithical age. In the Bronze 
Age, Pecica was the centre of a group ofsettlements, and because of the multitude of 
archeological sites which are different from all the rest, this was known as the Pccica-
Pcriam culture (the most important vases are now in the Museum of the county seat). 
Because of its wonderful positioning.it has always been a flourishing settlement. 
Besides agriculture, the people from this village even from early medieval age (10th 
century) have used the water of the Mure? River for transportation. It is well known 
that the commerce with salt was a very profitable business and people even in the 
early 20,h century used the Mure? as possibility for transportation of salt and for 
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persons (people use even now the ferry for transportation). There were also water-
mills which have functioned until the dawn of the communist regime. 
In our interviews with the local actors (local catholic priest, teachers, local 
authorities, fanners and even two retired ferrymen) we could see the importance the local 
population attaches to the cohabitation with the river. Even though the latest floods 
(seventies, eighties) caused serious problems, the attachment of the community seems to 
be significant. The pollution of the river did not stop the locals, especially the young 
ones. It is an interesting initiative of a group of youngsters who would like to make a 
boat-trip upstream the river in order to see the geographical "history" of the Mure?. 
After 1989 the situation of the community has not changcd, one of the main 
functions of the local economy is still agriculture, which because of the fertile soil on 
the banks of the Mure? is an efficient activity. Still, it is not an intensive form of 
modern agriculture, but more an extensive one. 
People with the help of the local authorities are trying to establish an activity of 
rural tourism, which would include the possibility of leisure activities related to the 
river of Mure?. The help of the central authorities (in the solving of the problems of 
the pollution of the river) keeps still waiting. 
We must underline the interest shown by the locals in answering to questions 
regarding the actual natural ecological problems of the Mure?, causcd mainly by the 
insufficiency of legislative frame in the ecological domain, so there are no efficient 
measures o f f i c i a t e s can take in the punishment of those who pollute the water of the 
Mure?. In the findings od the social research we could see that there is- at the rhetoric-
declarative level- a very strong attitude against those who arc really responsible for the 
pollution of the river. 
The presentation of the social research includes two subdivisions, the first relates 
to the existing links between the human population and the Mure? river and the second 
to the ways of the protection of the natural environment, particularly the Mure? river. 
A. Presentation of the sample 
Our sample of the questionnaire, as mentioned above included 583 individuals, 
distributed as it follows in the nine settlements from the six communes of the sample: 
T a b l e nr . 1: T h e n u m e r i e d i s t r i b u t i o n o t the s a m p l e for vi l lages 
Name of the settlement Nr. of applied questionnaires Perccntual 
Ciumani 60 10.3 
Ungheni 122 20.9 
Ciumbrud (Aiud) 102 17.5 
Aiud 14 2.4 
Santimbru 36 6.17 
Cojlariu (Santimbru) 44 7.5 
Vinju de Jos 54 9.26 
Vurpar(Vinlu de Jos) 33 5.6 
Pecica 118 20.2 
Total 583 100 
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The sample included settlements from the three reaches of the Mure? river, that is: 
the upper reach of the river is represented by the village of Ciumani (60 
questionnaires) and settlements from the middle reach gave the 69,4% of the total, and 
the lower reach included only the village of Pecica (118). Our sample is representative 
for the whole population of the riverside as it includes all the economical, social and 
dcmographical categories which exist in the whole population, with a percentage close 
to the national census' data from 1992. 
The relation of the people to the river of Mure? 
Personal identification items were followed by the questions which were ment to 
reveal the personal relation of the local people, especially with what finality do they 
use (if they use) the water of the Mure?. Wc will treat the relationship between the 
riverside human population and the Mure? as an input-output relation, input will 
include the way the population relates in its everyday especially economic - activity, 
the way they are protecting (if they do protect) the natural resources from their 
environment, particularly the Mure? river. So wc wanted to find out how docs the 
population handle the problem of removal of the organic and domestic trash. 
The output side of the relation is represented by the activities related to the natural 
environment, household and leisure activities, so what the population "gains" from the 
fact of being in the close vicinity of a water resource. In parallel with the questionnaire 
we have interviewed older people who have made an oral history of the late few 
decades of the place the river used to have in the community's life. Our findings have 
revealed an existing close comunion of the riverside population with the Mure? and its 
resources. 
In thw output we took into consideration more activities (agricultural, household 
and leisure) in which local people could have used the water or the ambience of the 
Mure?. We have also asked them if they drink (occasionally) from the water of the 
Mure?. 
Results have shown that the great majority of the people never use the water of the 
Mure? for drinking (97,2%), the great majority has wells or running water (haven't got 
canalisation though). Only a small number of people specify that they do not drink 
because the water of the river is polluted. This is the ease of those who live at a very 
small distance (50-150 meters from the banks of the river) and who used to drink the 
water of the river a few decades ago. The highest percentage of those who find the 
water of the Mure? handy and always drink from it arc in Unghcni, county of Mure?, 
where they have an important colony of gypsies living close to the banks of the Mure? 
river, having no economical possibilities to dig to find a well or fountain. In many 
cases those who affirm that they do not use the water of the Mure? declare that even if 
they would not have this well (which in many cases hasn't got cither the proper quality 
to be used as drinking water-sec the case of Ciumani, Vintu dc Jos, Sántimbru where 
even the wells are infected because of the pollution from the industrial sites from the 
vicinity of these settlements) would not use the water of the Mure? because it is 
polluted and would bring (and in Vin|u de Jos they actually do) water for drinking 
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from other sourees-as in the case of Vintu dc Jos- the spring of the Sibi?el,the local 
population bringing in the drinking water with cars from almost ten kilometers. A 
similar case can be found in Santimbru where the local doctor has affirmed that they 
have recently made bacteriological, chemical analysis of the water of the wells and 
they did not find one well which would correspond to the normal standards. The lady-
doctor, although aware of the serious consequences has affirmed that: " what can one 
do? If hasn't got a horse, must go on foot!" 
The more frequent use of the water of the Mure? in other activities can be seen in 
villages situated on the middle and lower reach of the river. People use the water 
especially in agricultural activities (watering and irrigating), although they have 
admitted that lately they rather use water from the well becausc the pollution from the 
water they have been using has causcd serious damage to the crops (in the case of 
these people the most often asserted measure that must be taken in the near future 
would be the building of stronger dams and the ecologisation of the banks of the 
river). Of cause, the highest percentage of those who answer affirmatively to the 
question whether they use the water of the river in their activities is made up by the 
effective riverside population, with a distance of under 500 meters from the banks of 
the river. The existing positive correlation proves that our primary hypothesis 
regarding the role of the distance to the river in the development of a closer conncction 
of the population with the Mure? proved to be right. At the whole sample this 
coefficient was r= 0,13, the highest values of these coefficients we could see in 
Ciumani (r=0,24) and in Pccica (r=0,29) where the distance plays an important part in 
the frequence of the use of the water of the river, especially in agricultural activities. 
Another type of activity they use for the water of the Mure? arc the household-
activities. For now "only" the cleansing of the carpets and the washing of the 
'personal) cars, older women recall the period when they used to bring the clothes and 
vashed it here. Even though they appear as different opinions, those who declare that 
he water is polluted and would not use it and those who never use it because they 
'•ave other sources belong to the same category: that of the people who have an 
alternative to the water of the Mure?. A sad manifestation of the attitude of the people 
towards their personal role in the protection of the environment is that only a minor 
number of the respondents affirmed that they arc not using the water of the Mure? in 
their activities becausc this way they themselves would pollute the river. The village 
where they declared in the highest proportion of the local sample that they would not 
use the water of the Mure? becausc they would pollute it is Ciumani, where these 
respondents form 10% of the local sample population (in the whole sample the 
percentage of those respondents who answer similarly is only of 1,88%!). These 
respondents have mentioned as a possible measure that must be taken in order to (re) 
establish the best possible quality of the Mure? the ecological education of the people, 
make them be aware of the results of their actions in the environment. 
Another group of questions is still related to the output in the Mure? -human 
population's relationship, and these questions refer to the role this river plays in the 
leisure activities as well asin the ingestion of fish., meaning the size of the population 
from our sample who cat fish fished by the anglers (we could not find professional 
fishermen alongside the river). 
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Many people from our sample go elsewhere in their spare-timcT ey have confessed 
that in their youth (10-20 years ago-this is the causc of the age-groups which include 
the population between 40-60 years) they went frequently to the Mure?. but now they 
prefer other places (almost all of them prefer the mountains or neighbouring 
settlements where there is a water-spring where they can enjoy nature and in the same 
stay on the banks of a water-source (especially in the settlements downwards Targu 
Mure?, in the middle and lower reachcs of the river). Processing the information we 
could establish a positive correlation between the way people spend their free-time 
and the pcrceivcd quality of the Mure? (r=0,l 1). So those people who do not come to 
the Mure? in their leisure activities consider that the Mure? is polluted and in the same 
time dangerous, especially in the villages situated on the middle and lower reach of the 
Mure? people said that they are afraid for the life of their family, as the intensive 
exploitation of the river ballast caused serious damages in the bed of the river, and 
besides pollution the whirlpools from the river can be dangerous. Especially in the 
villages situated between Santimbru and Pccica (including Pecica), one of the 
possibilities of making the Mure? more attractive for leisure activities was the 
establishment of a leisure center on the banks of the river (in an oral history an old 
man who used to be a ferry-man in Pecica narrated the possibilities that have existed 
in the thirties, when on the banks of the river there were more leisure centers, with 
open air bathes and lidos and tennis-courts for both the well-to-do social categories 
and the poorer ones could have had a very pleasant time). It is interesting what the 
younger (and poorer) people say, that going out to the banks of the river is the only 
opportunity to meet with friends without going to some pub in the village or nearby; 
and even if they admit that the conditions they find near the Mure? arc many times 
terrible, they come here bccausc they have no alternative in spending their free-time in 
the middle of the nature. In their case the attraction towards the Mure? is not the main 
argument they come here for. 
Another possible way to spend one's free-time is to go out fishing (or more precise 
angling). From the whole sample only 17,3% of the respondents go or would like to go 
out angling. The overwhelming majority says that they never go out (90% Ciumani, 
80% Pecica, 82.7% Unghcni), even if they did before, the main causc being the 
unexistencc of fish. But people do not state affirmatively that they do not go out 
fishing because of the pollution . 
People who arc not anglers in their majority do not eat fish. The correlation of 
these two items gave a significant coefficient of r=0,21 for the whole sample, higher 
values being obtained in Vurpar t=0,43, and Aiud r=0,38. There is no positive 
correlation between the quality of the water and the motivation of those who do not eat 
fish(so the quality of the water docs not influence the people who do not eat fish) for 
the whole sample the value is r=-0,07, the only positive values being registered in 
Ciumani r=+0,28. 
The following two questions reveal the input part of the relationship of the human 
and natural environment of the Mure? river, particularly how local people protect the 
Mure? from the individuals' pollution, this question can reveal the attitude the local 
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riverside population shows towards the small-scale ecology which is dependant on 
their actions. 
This category of questions was related to the handling of the removal of the 
rubbish, especially in those settlements where there is no institutionalised way of 
removing the trash. There were two questions in order to see how do the local people 
solve this very "thorny" problem each human community faccs. We were aware of the 
fact that these people keep animals in order to supply the provisioning and work their 
household-plots (or their larger agricultural plots). 
The great majority of the people use the organic trash (78,8% of those who have in 
their household such trash) as natural fertilizers and only 21,2% are placing it on the 
river banks or in dung-holes. In almost all of the settlements of the middle and lower 
reaches of the Mure? the dump-hole was in the close vicinity of the river (this was a 
place established by the local council sometimes dccadcs ago) and people were very 
content with themselves as they were saying that they did nothing wrong just follow 
the "orders" of the authorities. Although in many cases they knew that this was not 
right they pleased oncselves that it was "legal" to do so. The only settlement where 
there was no such "authorised" dump was Co$lariu, but there were other ones used in 
common agreement by the locals. 
Those who have responded that they do not have such organic trash have smaller 
animals (like poultry or pigs), so we can say that every household includes agricultural 
activities at small-autosubsistancy scale. 
There were people who affirmed that one of the main problems is the discrepancy 
between the rhetorical and the real action-level, so many people who affirme that they 
throw away the dung from the animals "wherever they could, sometimes in twilight 
they went with the cart to the banks of the river and threw away the dung they did not 
use(the more serious problems appear when we talk about the removal and placing of 
the household garbage). There were just a few people who used the more and more 
popular storing method of the compost. The difference between them and those who 
affirmed that they have stored the trash in the garden was that the later were just 
putting the trash out without having a stable place where they used to put it. The great 
majority said that the back of the garden was the placc they were putting the trash or 
they were throwing it directly on the land as natural fertilizers without any further 
storings of the dung. 
Serious problems occur when we discuss the solutions the locals give to the 
removal of the household garbage, because almost all of the few settlements from the 
middle and lower rcachcs has a serious or more loose contract with a company which 
removes periodically of the rubbish, but people from Pccica, Vurpar, Ciumbrud and 
Co?lariu are unhappy because of the dcfficicncies in the organisation of the removal, 
because for example in Pccica the rubbish is removed only once a month (!!) and in 
the meantime people have to handle themselves the transportation of the garbage. So 
as we can see, only the settlements downward Aiud benefit from an organised system 
of removal of the rubbish( the only exception is Pccica). Still even in these villages 
there is a significant percentage from the sample who cannot pay the fees of the 
removal (as they have confessed themselves), so they bury or incinerate (even the 
plastic is incinerated) the rubbish or in the case of the population from one of the 
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isolated districts from Vinju de Jos (Intregalduri) they throw it on the banks of a 
streamlet which flows into the river of Mure?. A global evaluation of the current 
standings shows that in the ease of 59,1% of the total sample population rubbish is 
removed from them or they are placing it in authorised (although not ecological) 
refuse dumps. Only 5.1% of the total population states that they throw the rubbish to 
the banks of the river. We had to register the responses the questioned persons gave so 
we could not verify the true/false quality of their affirmation. 
The distance of the respondents to the river played a role in the placing of the garbage, 
even if with not a great significance, the evaluation of the data showed a positive 
correlation for the two items (r = 0,04). 
One of the problems most people raised was the breaking of the promises by the 
local authorities, because on their electoral agenda at the 2000 local elections the 
placement of a better, more ecological refuse-dump or the punishment of the 
population who place garbage in forbidden placcs was included, but there arc no 
encouraging signs in the direction of implementation of these objectives. Authorities 
have said that the complexity of this problem makes the functioning of such a projects 
not being visual at this moment, but they have mentioned that the people themselves 
should do something in order to marginalise those who really pollute the river by 
placing their household garbage close to the river in unauthorised places, particularly 
by public disapproval. 
3. 
This part of the research regards the way local people perceive the quality of the 
water and the possible solutions seen by the local population and the authorities to 
protect the Mure? and to avoid the further pollution of the river. This chapter includes 
the (subjective) perception of the sample population of the present condition of the 
river, the way authorities handle the environmental measures, the role population 
should play in the environmental actions and finally what chances do they sec in the 
preservation of the natural environmental frame for the following generations and 
what specific measures should be taken in order to prevent further pollution of the 
Mure?. 
We emphasize that this is the subjective perception of the local population on the 
quality of the water of the Mure?, the great majority affirming their judgements 
without any specific scientific basis, their opinion dictated in many times by their 
common-sense or by the negative personal Mure?-rclated experiences their 
neighbours or relatives just had 
The question was referring to the perception of the quality of the water in the last 
few years related to its previous condition. 
There is a very strong majority (63,1%) who is not contcnt with the actual quality, 
most of them accuse the upper settlement who pollutes the river (sec Unghcni 
accusing Targu Mure?, Vinju dc Jos accusing Santimbru and Pecica accusing Arad). 
There was a difference among the people who affirmed that the river is indeed 
polluted: there were those who were saying that for the whole year it is polluted, and 
others who connected it to the melting of the snow and the ecological accidents of one 
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of its affluents: the Arie§ul river. Those who said that the river is polluted in the whole 
year were those who when it came to the measures to be taken were the most fierce in 
aplying punitive measures against the pollution sources from the outside. 
We can still find people who are making a distinction between pollution and 
muddiness, who are blaming that the balast-exploiting companies are to blame. These 
people have affirmed that the river is not so polluted but it is muddy and not good for 
drinking or bathing, but they have answered that the pollution has diminished after the 
industrial restructurations ofsome important polluters which have reduced after 1989 
their production capacities. We might sarcastically say that this was the only benefit of 
the economic decrease to the population and to the environment. 14,7% of the sample 
population did not make any assertions related to the quality of the river. This is a very 
high percentage if we take into consideration the firm opinions of the population in 
previous questions. 
Another important question in the population's reaction towards the activity of the 
authorities was related to the way local authorities handled the problem of pollution by 
taking measures in order to reduce it. Measures were considered to be: punitive 
measures against the polluters, a better placement for the refuse-dumps, the 
organisation of a guard who could watch out for the river and the duty of informing 
the hierarchical superiors about the more serious pollutions, etc. 
The analysis of the responses reveals a very strong insatisfaction of the population 
towards the measures local authorities have taken until 2001. As the figures show, 
73,0% of the whole sample considers that the local authorities did not anything or 
didtoo little in order to protect the natural resources. The percentage of those who are 
content with the way the local council and the mayorship handles the ecological 
problems is very low (12,1%), and it came from people who are still afraid to expose 
their opinions versus authorities because of the impregnated fear they have because 
criticism towards these institutions was not allowed and even seriously penalized. In 
our interviews made with representatives of the local authorities they have pointed out 
two main obstacles in the enactment of such projects: the impossibility of raising 
funds-we might add that sometimes we are facing the immobility of the local 
authorities and their lack of experience in competitions with a serious international 
financing and the lack of sympathy coming from the population, organised especially 
by those who have registered a loss lately in their relation to the local authorities. 
Regarding the role people should play in the maintenance of a proper quality of the 
natural environment we have found a very interesting duplicity: even though 83,1% of 
the whole population admits that it is a moral duty of the locals to organise and 
participate at environmental projects in order to prevent the pollution of the Mure?, 
there were fcwpeople who could come up with concrete actions that can be innitiated 
(and they would like to participate) and tell us more about the concrete ways this co-
operation can come to action. So I believe that the opinions cover more the rhetorical 
level, many respondents want to correspond to the social expectations, "to say what 
must be said". Still there was a positive correlation (even if not very significant - r = 
0,1) between the way people reacted to the possibility of co-operation and the concrete 
measures proposed by the same respondents. We must outline the role of educational 
level, which influences the way people feel about the importance of co-operation, 
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educational attainment being a condition in the way they have responded (correlation 
coefficient was r = 0.1 for the whole sample). 
With all this pledge to morality and co-opcration, we must add that the lack of 
strong community bonds is something we did see along our observation sessions, so in 
the "rurban" communities, where modernity has distroyed the traditional community 
and did not bring in (yet) the postmodernity's civic society, there it is a sad reality that 
an incipient individualism associated with ncgligencc characterizes the individuals' 
mentality. This is a serious obstacle in the probability of joint environmental actions of 
the population and the authorities. 
The answers given to the question related to the future of the river's condition 
show that people are very pessimistic about the perspectives of the way pollution will 
evolve, a big exclamation mark must be put on the right side of the 27% of the 
absolute unbelievers in the improvement. If we want to draw into the community 
works the people in order to help in stopping the pollution, wc must always be aware 
that there always be ncgativists, but sometimes ecological activists who are predicting 
a kind of world-wide catastrophy arc more dccisc and can be more active. So we must 
not really see these people as totally unusable in ecological actions. 
Figures show us that the optimism of the people is still there, a great pcrccntagc 
(45,8%) said that people can be educated. This can be a starting point but as our 
respondents have told us that the school and the other institutions must handle this 
problem it is obvious that they perceive thiseducation as being the task of "others" and 
they just cnounce a way it must be done without very much intention of helping in one 
way or another in doing this. One of our respondents, an older woman from Vintu de 
Jos has admitted that she cannot do anything: "even if I sec those youngsters who are 
throwing all kinds of trash in the river, I cannot say anything or else they will beat me 
up". 
There is a percentage of the people who believe that there is no need for any 
measures against those who pollute, because they already behave properly. Those who 
gave this response have lower expectations (mostly come for the lower strata of the 
social structure and have a lower educational attainment). Or they really cannot define 
the notion of "ecologically conscious behaviour", which is indeed very hard to define. 
Our last question of the questionnaire was related to the way people see the 
possibility of taking into their hands the decision, the question sounded like this: "If 
you would be in position to make decisions for stopping the pollution of the river, 
what would you say?" this was an open question, meaning that the codes were set after 
recording all the 583 answers given by our respondents. Response variants were: 
1. Has no opinion; 2. There is no need (satisfied). 3. Punitive measures towards all 
the polluting factors (men and industrial plants); 4. Education of the population; 5. The 
closing down of the external polluting sources (from outside the settlement); 6. The 
closing down of the internal polluting sources (from the settlement); 7. The control 
and the ecologisation of the river-bed; 8. Raising of funds for the cleaning of the water 
(especially external ones); 9. They have to control only the industrial plants; 10. The 
placement of waste-pipes/rubbish-shoot; 11. There is nothing to be done anymore. 
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The big number of the answering variants made possible to register a more nuanced 
view of the ecological measures to be taken asserted by the sample population. I have 
made up three groups of the proposed measures: 1. The group of the punitive measures 
which includes variants nr. 3.5,6 and 9. Differences are only those related to the 
extension of the punitive measures. 2. The group of the educational measures (variant 
nr.4). 3. The group of the constructive measures (variant nr.7 and nr. 10). 
The great bulk of the people disapproves of the "softness" of the authorities when 
it comes to the punishment of the real polluting factors (mostly the industrial ones) as 
well as that of the individuals who are throwing away the trash in unauthorised places. 
If we take these three groups, we can say that the highest percentage was registered by 
the group of the "severe": 43,4%, followed by the "real measures" group with 29,1% 
and the education or "soft" measures had only 9,9%. The percentage of these groups 
varies for each settlement according to its geographical placement, so the settlements 
of Ciumani (56% punitive measures but in the same time 54% constructing measures), 
Unghcni 54,1%, Sântimbru (52% punitive measures), Vin|u de Jos (54% punitive 
measures) arc situated in the closeness of pollution sources (big industrial centers like 
Târgu Mureç, Luduç, Alba Iulia, with the exception of Ciumani, where the 
respondents did not point to a specific pollution source). Punitive measures are seen 
by some of the respondents as the first step in order to restore a discipline which in 
their view cannot be done with only education. Many of them pointed out the lack of 
civic sense and the lack of sclf-disciplinc in actions. Those who believe in the force of 
education, point to the younger population which could benefit from a proper 
ecological éducation (there was a very negative opinioning towards the category of 
youngsters who have no ecological or other education, coming not only from the very 
old population). Although they agree that there is a strong moral crysis and school, 
among others is found responsible for this crysis, there is a belief that it could still fill 
up this function. 
It is interesting to present the opinions of those who really want concrctc measures: 
those who arc for the placement of refuse-dump and waste-pipes or waste-filters or 
they want the local authorities to take greater measures and participate at greater zonal 
and regional projects of placing and strengthening of dams and the régularisation of 
the river-beds. These measures in their great majority are for the increasing and 
improvement of the output the population can get from the river, in this case as in all it 
is the eternal economical relation between resource and needs. Needs like use of the 
water in agricultural activities but without having the constant fear that the river would 
flood every year and distroy their yearly work, other needs for using the Mure? as a 
leisure source (we have mentioned that the population has this claim of having -
especially at the lower reaches of the Mure? river - leisure centers where people can 
spend their spare-time in confort). We can say that there is a positive environmental 
attitude towards the use of the Murcç, but this does not reflect the way each individual 
will act in everyday life. 
Finally we can say that the social research has revealed two important things: that 
there is a consciousness towards the existence of pollution of the Murcç river, and this 
affects the riverside population, and on the rhetorical level there is a strong 
commitment for solving these problems with punitive and construction measures. On 
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the other hand, there is no real support coming from the civil society in implementing 
such ecological projects and not even the environmentalist policies arc very well seen 
as they affect the industry and besides the economical problems they create a social 
one: the unemployment. Romania has to realise that environmental policies include 
the creation of new jobs, and as it appears in the book L 'ecologie contre le chomage 
edited by the organisation Les amis de la Terre in 1984 long-term employment will be 
possible for the local economy, first of all in order to repair the damages done until 
now to the natural environment, so we can say that ecology can be infiltrated in the 
economical process as a part of the producation process. 
Appendix 
Questionnaire (model) 
A. The geographical localization uf the studied settlement 
l .The name of the settlement 
2. On what reach of the Mures Riser is it situated: 
1. lower reaches 
2. middle reaches 
3. upper reaches 
B. Identification questions of the subject 
I. Gender : 
1. Male 
2. Female 
0. No answer 
2. Age: 
1.0-19 years 
2. 20-29 years 
3. 30-39 years 
4. 40-49 years 
5. 50-59 years 
6. 60-69 years 
7. Over 70 years 
0. No answer 






0. No answer 
4. Educational level 
1. Public elementary school 
2. Vocational school 
3. Training college 
4. Secondary school 
5. Post-secondary training 
6. Higher educational training 
7. No schooling 
0. No answer 
5. Profession: 
1. Homemakcr 
2. Farmer (private) 
3. Blue-collar 
4. Official (clcrk) 
5. Professional 
6. Private entrepreneur 
7. Student, pupil 
8. Unemployed 
9. Pensioner 
10. No profession 
0. No answer 
6. Working place: 
1. Has no working place 
2. Docs not work anymore/yet 
3. Works in the village 
4. Works in a nearby rural settlement 
5. Works in an urban settlement 







5. Other nationality 
0. No answer 
8. Place of birth: 
1. in the settlement 
2. in a nearby village or city alongside the 
Mure? River 
3. settlement from another region 
4. No answer 
9. The period of your presence in this 
settlement: 
1. I was bom here 
2. We got settled from my childhood 
3. I came here because of my profession 
4. I came here after my marriage 
5. I have come here recently 
0. No answer 
C. Questions related to the environment 
1. The distance of your house from the river. 
1. 0-5 m 
2. 6-50 m 
3. 51-100 m 
4. 101-500 m 
5. More than 500 m 
0. No answer 
2. Do you use the water of the Mure; for drinking? 
1. Always because it is close and handy 
2. Sometimes yes 
3. Never because it is polluted 
4. Never, because we have wells/fountains 
0. No answer 
3. Do you use the water of the Mure; River in your household activities (watering, washing, 
carpet- cleaning, etc.)? 
1. Always, because it is by me 
2. Not so frequently, but I use it 
3. Never because it is polluted 
4. No, because this way I would pollute the environment myself 
5. No because we have running water and/or well from another source 
0. No answer 
4. Where do you put the organic trash (animals, etc.)? 
1. We don't have such type of trash 
2. We store it in the garden (for agricultural use) 
3. We put in the garden and afterwards take it out to the land (fertilizer) 
4. Compost 
5. Throw it to the banks of the river 
6. Garbage heap/dung-hole 
0. No response 
5. Where do you throw the trash (in case you do not use it for heating-corn-cob f.e.)? 
1. Rubbish-shoot 
2. Incineration 
3. Garbage heap 
4. Garbage heap and incineration 
5. Throw to the banks of the river 
6. Throw to the banks of the river and incinerate 
7. Bury in the ground 
0. No answer 
6. How often do you go in your spare time to the Mures ( t o take a bath, entertainment)? 
1. as often as we can (every weekend) 
2. we prefer other places where we enjoy it more, but sometimes yes 
3. never bccausc it is polluted 
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4. we never go out 
0. no answer 
7. Do you go fishing in your spare lime? 
1. never 
2. not lately because the water is polluted 
3.1 would like to. but I do not have time 
4. As many times as I can. alone or with my friends 
5. Sometimes 
0. No answer 
8. How often do you cat fish from the Mure} River (even if it was fished out by someone else)? 
1. I never eat fish 
2. Once in two months 
3. Monthly 
4. Weekly 
5. More than once a week 
6. Occasionally, but not very often 
9. If you do not cat fish, what is the motive? 
1. We were not used to in the family 
2. I don't like fish 
3.1 do not eat it, because 1 cannot prepare it 
4.1 don't cat fish because the water of the river is polluted 
S. 1 eat fish 
0. No answer 
10. What is your opinion on the recent quality of the river Mure}? 
1. It has not changed, it is the same as it used to be, but it is polluted 
2. It is worse than before 
3. It is better than before 
4.1 cannot appreciate it 
0. No answer 
11. How do you value the local official measures in the field protection of environment? 
1. There are no such measures in our settlement 
2. There are some, but there arc not efficient 
3.1 find them satisfactory at local level 
4. In the actual economic situation there is too much talk about it 
5. Cannot appreciate 
0. No answer 
12. Do you think that in your locality there must be an active co-operation between the local 
authorities and the population in order to activate the protection of environment? 
1. No because there are far more important things we must solve at local level. 
2. Maybe in another economic context, but now it is not efficient because there are no funds for 
sustaining it. 
3. Yes, because we have the moral duty to preserve for the next generations an unpolluted environment. 
13. In your opinion what arc the chances that the actual grow n-up generation would leave an 
environment without polluting it? 
1. In this rhythm in a few decades everything will be deteriorated. 
2. If we can make the people realise the consequences of the unprotection of the environment we can 
stop the deterioration. 
3. The great bulk of the population contributes already to the protection of the environment. 
4.1 cannot estimate. 
0. No answer 
14. What are the necessary measures coming f rom the local authorities for the improvement of 
the quality of the M u r e ; River? 
1. There is no need for such measures (satisfied) 
2. Has no opinion 
3. Punitive measures towards all the polluting factors (men and industrial plants) 
4. Education of the population 
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5. The closing down of the external polluting sources (from outside the settlement) 
6. The closing down of the internal polluting sources (from the settlement) 
7. The control and the ecologisation of the river-bed 
8. Raising of funds for the cleaning of the water (especially external ones) 
9. They have to control only the industrial plants 
10. The placement of waste-pipes/rubbish-shoot 
11. There is nothing to be done anymore 
0. No answer 
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